burgh 


les 





Place initials of interested 


persons in your organization 
opposite title and call it to 


their attention. 


Editorial Comment 


* 


First Exhibit of Testing Apparatus and 
Machines 


* 


An Ideal Tensile Testing Machine 
J. T. Nicuets 


* 


Timing and Scheduling Instruments 
M. F. BEHAR 


New Instruments 
New Potentiometer Pyrometer 
New Tapalog Recording Pyrometers 
Hydraulic Universal Tester 
New Vacuum Contact 
New Société Genevoise Micro-Indicator Star 
Stretch and Shrinkage Testing Apparatus 
New Measuring Microscopes 
Elasticometer Spring Testing Machine 
Automatic Oscillograph 
Ice Cream Over-run Auto-Gage 
Piston Ring and Valve Spring Auto-Gage 
The Most Powerful X-Ray Tube 


































b 
Two 
TAG 


Catalogs 


You Need 


Take hag LY pre 
pared in response t 
urgent and repeated rm 
quests from chemists, in 
spectors and TAG users 
everywhere, you wi 
find these catalogs of in 
estimable and _ practica 
value. 


Number 699-1 covers « 
testing instruments, gis 
ing listings and descri; 
tions of all the essential testing cd 
vices. Number 417-1, covering lab 
ratory thermometers and hydron 
eters, is more than mere selling 
literature for TAG Instruments 
Containing Gravity Table Charts 
























TF 04. bo point to Scale Graduations Chart, Baum 
see the actual instru- Specific Gravity Conversion Tabl 
ments of the com- and Temperature Conversion Tabl 

ee "ane lsc AR con - it will prove an invaluable asset ir 
. the American Society the laboratory. 
: . for Testing Materials os , 
reek at the Hotel Stevens These catalogs will be gladly 
— in Chicago, June 22 on request. Fill in the coupon toda 
to 26th. and get your copies. 
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‘ha C. J. TAGliabue Mfg. Co., Park & Nostrand Aves., Bklyn,N.Y —[ 
ia Please send, without obligation, the catalogs checked: 
Ba: No. 699-1 No. 417-1 
tale . 
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.JI.TAGLIABUE MFG. CO. 


PARK AND NOSTRAND AVE'’S,, BROOKLYN, N. Y. 
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An Electrical 
Hair Trigger 


This device may be employed wherever 














a positive, rapid, durable electrical con- 
tact is required. It is the simplest, most 
economical and practical link between a 





delicate controlling current and a power- 
ful controlled current. Can also be oper- 
ated by hand or mechanically. Operates 
in any position, irrespective of moving or 
shaking. No strain on leads. No arcing 
or corrosion. Clean makes and breaks, 
without hang-overs or chattering. 


BURGESS 
: »} VACUUM CONTACT 


General Specifications: Ample contact capacity sealed 











in a vacuum. Movement of only 0.02 inch required to 
operate. Force of less than 10 ounces. Circuit positively 
broken by 0.00! inch separation of contacts. Handles 
up to 6 amperes continuous load, 8 amperes intermit 
tently, at 220 volts Particularly applicable to usual 
telephone type relay for controlling power circuit 
Handles rated current as fast as 40 breaks per second 
Infinite applications 

1, 


Actual Size 








pT 


BURGESS-PARR COMPANY 


DIVISION OF C.F BURGESS LABORATORIES INC 
11l WEST MONROE STREET 
CHICAGS., ILLINAIS 





Announcing 
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Extra Long Slide Wire- Positive Non Slip Driving 


sil 


40 Inches And rhe« Clutch Rugged, positive and 
stat for standard cell simple Entire mechanism on 
tlancing, enclosed in swinging ftrame Note also 
glass and immersed in chart reroll Control temper 


oil, protected from cor set by external k 


rosion 





DORE brings Laboratory 


MAPNIT 











the New Brown 


POTENTIOMETER 
PYROMETER 


[The new Brown $ Potentiometer Pyrometer was 
developed by years of research to meet a definite in 
dustrial need. It is primarily an industrial instru 
ment, designed for service under severe plant condi 


tions, vet it has the highest accuracy. 


More than fifty features new in potentiometer: 
pyrometers are embodied in its design. Many of these 
features are vital to greater accuracy 1n temperature 


measurement. Get full information in Catalog N« 


L101. 


CHE BROWN INSTRUMENT COMPANY 
4482 WAYNE AVE., PHILADELPHIA, PA 


Branches in 22 principal cities 


t tl +S-] ( 
No. 11 
ng over fif r 








Humidity Compensator for Mercury in{Glass 

Chart Automatically com Automatic Control—Control 
pensates for possible errors ler operates mercury switches 
caused by paper expansion eliminating relay No pen 
and contraction arcs 





Accuracy to ndusro ROD 
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ADDITIONAI 
PRECISION 
INSTRUMENTS 


Beggs Deformeters, 
Whittemore Strain 
Gauges, Huggenberger 
Tensometers, Electri« 
lelemeters, Engine In 
dicators, Oscillograph 
Recorders, Damping 
Hardness & Fatigue 
Testers, Moore Exten 


someters. 


Literature 
upon request 


evrveeQDeece 


INSTRUMENTS 














SEE 


[SOUTHWARK] 


EXHIBIT 
Al 
Annual Meeting 





34th 





Chicago 


June 22-26 


Booths 
2 and 4 


The 60,000 Ib. Southwark-Emery 
Universal Testing Machine shown 
above will be there as well as nu- 
merous other examples of South- 
wark’s line of testing equipment. 


BALDWIN SOUTHWARK CORPORATION 
SOUTHWARK FOUNDRY & MACHINE CO, DI 
PHILADELPHIA 


SOUTHWARK [= 




















June, 19 INSTRUMENT 


\n Australia 
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WESTON METERS | 


are Preferred... ¢ 


@ On the other side of the 

world, the Wireless Institute 
of Australia controls the activities 
of the radio transmitting amateurs 
as the Radio Relay League does in 
America. 

Vv 

The Wireless Institute of Australia, 
atarecent Wireless Exhibition held 
at Melbourne, showed some of 
their representative equipment: 
the transmitter of the Wireless In- 
stitute’s official station 3WI, using 
six Weston 314 inch meters; BIG 
BILL, the Philips Amplifier, manu- 
factured in Holland and claimed 
to be the largest in the Southern 
Hemisphere, using four 314 inch 
Weston meters; the transmitter of 


IBY. winner of numerous contests 


and recognized to be the best 


amateur station in Australia, using 
three 3'4 inch Weston meters. 


v 


predominance of Weston 
Australian equip- 


The 
meters on. this 
ment is typical of 
for Weston meters on 
panels 


the preference 
transmit- 
many 


ting and for the 


other radio uses. 





There is a Weston instrument 
for every electrical testing and 


measurement requirement. 


WESTON 








ELECTRICAL INSTRUMENT CORPORATION 


591 Frelinghuysen Avenue 


When 


NEWARK, N. J. 























ALFRED SUTER 
200 FIFTH AVENUE NEW YORK 
Representing 


The Losenhausenwerk. 
Dusseldorf 


Builders of Testing Machinery 


New Hyd ‘aulic Universal ‘Tester 


for tensile, compression, transverse, folding and shearing 
tests with Pendulum load registering device for full, halt 
and 1 10th load. Built up to 500,000 Ibs. Easy to operate 
from one lever \]| speeds 


possible f om 0-5 or 1 as well 











as constant holding of load 
Ask for particulars 

This and a number of other 
Testing Machines will be ex 
hibited at the Annual meeting 
of the A. S. T. M. June 22-26 


at the Stevens Hotel 


BOOTHS 27 and 29 


















































New Wet and Dry Bulb 


Thermometer Fixture 


NEW Wet and Dry-Bulb Thermometer Fixture, recently placed on the 

market by The Bristol Company, eliminates, to a large degree, the errors 
common in such devices. 
In the past, it has been the practice to enclose the 
wet bulb with a metal cover and circulate air over 
the bulb by means of a fan and motor. With this 
equipment, the wet bulb depression was always 
less than the depression as obtained with a 
standard sling psychrometer. The results were 
always disappointing; that is, the greater the 
depression the yvreatetr the error. 
A non metallic cover has been used on the new 
fixture, arranged to have around the bulb a large 
amount of space for the circulation of air. [his 

















pan 
Recordin Instrumetr 


motor, fan, bulb housin 
and bottle of water At 
left is a close-up of the 
new hature 





non-metallic cover eliminates almost en 
tirely the error caused by the radiation of room tempera 
ture through the cover 

Che bulbs are held in position by non-metallic brackets so that the tempera 
ture of these brackets cannot affect the bulb temperatures 

[he water pan is shallow and wide so that a large surface of water is « xposed 
to the circulating air. This causes the water to evaporate from its surface and 
thus cooling it to a temperature near the wet bulb temperature. In this way 
water of the proper temperature is supplied to the bulb. 

No soft soldered joints are supplie d in the water system so that water « orrosive 
to solder can be used, 

Results from this wet and dry bulb fixture are very close to the standard sline 
psychrometer. 


THE BRISTOL COMPANY, WATERBURY, CONN. 


Branch Offices: y Branch Office 
Boston Chicago 
New York Detroit 
Philadelphia Denver 
Pittsburgh r F Louis 


St. Loui 
ave 1889 ge TF Farrer) os Angele 
irminghs nei ) 
gham OTe nts for Indicating Recording Controlling San Fran . 
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ASKANTIA EQUIPMENT 


for industrial purposes sk niA 


hsx™inid and laboratory tests. 
Glass Strain Viewers, a useful 
tool for the manufacturer and 


purchaser of glass articles. 


Askania Vibration Meters with record- 


ers. for vibration tests of various kinds. 


Ask us for further details on our equipment or better 
see our exhibit at the A. 8S. T. M. meeting, 


Stevens Hotel, Chicago, Hl. 


AMERICAN ASKANIA CORPORATION 


HOUSTON, TEXAS CHICAGO, ILLINOIS 




















Use H -Phoenix Controls ( rs 


for ccmpressed gases 


Reducing-valves- -Needle-valves — Flo- rr. i i] \ 
} 7 
gages Valvo-gavges they save your iia WP a 








time and improve your results For all = 
‘ 


kinds of gases, all kinds of tanks——O., H f r 
CO,, NH, etc. Sturdy and inexpensive nN 


Shall we send you one on approval 





WY e also make up spec ial designs and com 
binations on request 


On display at Emil Greiner’s booth, A. S. T. M. exhibit 


} 

| 

Ask for folder RJ. y Lae When working Pyrex or |] 
th quartz glass, use a Hol i} 

4 * « oxy-gas burner | 

\ \ J Several models | 

soe i oat 

n\ 


A Hoke-Phoenix ys {-) Your dealer or 
ARZY } 
NS 7 


Reducing Valve —TI, 
—_— U 
gives you just the ic x engl | 
pressure and vol : Hokie Inc. | 
| 
ume desired ‘ 
22 Albany Street 


New York City 























Fractional Horsepow er Motors 


for Every Application 





SERIES AND SHUNT MOTORS 


with and without Speed Reducers 


These motors are ideal for driv- With speed reducers the ratings 
ing small fans, air pumps, centri- are 130 to 150 Hh PL) The gear 
fuges, timing devices, therapeutic- ratios range from &8!>-1 to L1L20-1 
al apparatus, projectors, and hun- These motors solve many diflieult 
dreds of other laboratory and in- design problems and reduce manu 
dustrial devices. Ratings without facturing costs. Send for Bulletin 
speed reducers 180 to 1/15 TH. P. 1002-C deseribing these motors 


Other Bodine Motors for Laboratory and Industrial Service 





Iype N, A. C. and D. ¢ Universal Laboratory Types SAR and SDR 
Constant Speed Motors Motor with Speed Regu Constant Speed A ‘ 
with wool packed bear- lator for 110 wolt A. ¢ and D. ¢ Motors with 
ings. Rated from 1/20 or D. ¢ service Ex speed reducers 1/30 toe 
to 1/8 H. P Send for tremely flexible Send i? He. Also Syn 
Bulletin No. 1006-B. for Bulletin No. 1005 chronous. Bul. No. LOLI 

Leading instru- j Send for catalog 
ment manu- wo 


facturers have 
adopted Bodine 


~ 
Neath ee Bodine Electri« 
( i 
standard and spe- soci, seorgeale 


| 
cial motors for 2244 W. Ohio St 
their equipment. Chicago, Il 





_4BODINE MOTORS 


ow, ENGINEERED FOR YOUR PRODUCT 





When writing to the above company, please mention INSTR 








Amthor Tensile Strength Tester 





Desk Model, Motor Driven 
Automatic Operation and Control 
Double Capacity Range 


Graphic Recording Unit 


ition, proportion of Elongation ¢ n 


Ask for Catalogs on our 


Direct Reading Laboratory Scales 


Standard Testing Scales for 





paper, paperboard, cordage, 
roonng, asbestos, foil, etc. 


Gauge Testing Outfits 


Hand Tachometers, Tachoscopes <e 


Stationary Tachometers (both 
Indicating and Recording) 





Amthor Testing Instrument Co., Inc. 


315A Johnson Street Brooklyn, N. ¥ 


























DEFENDER MANOMETERS 


1 Type jor kvery Purpose 


i 1 Bulletin No. 38 illustrates 4 models in two lengths of iFal 


these cover type U Gauges with 4 standard scales reading 
in Pounds and Ounces, Inches and Tenths using Water 
Mercury, Red Oil or Tetrabromide for reading pressure 


Vacuum or differential in low pressure Bulletin No. 36 
illustrates acomplete line of highandlow pressure Single 0 
and Double leg column Manometers with any type of 
scales for any purpose We also make a complete line of 


Instruments and Regulators, including Combustion 
Control systems and Efficiency Instruments for Boilers 


ey Defender Automatic Regulator Co. , ej 


St. Louis, Mo. 











LOW <A invicators 









Close hook- 
up type 
Indicator 


mre < 
t ( 


Direct Reading - Accurate - Compact 


MOREY & JONES, Ltd. 


Manufacturing Engineers 


920 S. Hemlock St. Los Angeles, Calif 
























































When BAUSCH & LOMB first announced the 

rum Nosepiece for Wide Field Binocular Micro- 
scopes an event was marked in the history of 
microscopy comparable in importance to the in- 
vention of the first revolving nosepiece. Now 
comes the First 
radical improve- 
ment in the Drum 
Nosepiece . 
another historical 
milestone 
Formerly the Drum Nosepiece contained three pairs of matched ob- 
jectives, which were non-removable. The New 1082 Drum Nosepiece 
contains only one pair of objectives (the 0.7X) permanently mounted 
The other two pairs can be readily removed by simply sliding out the 
objective mount. Other objectives similarly mounted can be quickly 
substituted. In all other respects the well-known KW series of wide- 
field microscopes remain the same. 


Write for complete information 


BAUSCH & LOMB OPiTICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 






































Makers of Orthogon Eyeglass Lenses for Better Visi 














INSTRUMENTS 





Uses for thi. 


M EASURING MACHINE 


societ¢ Crenevolse d 7 ruments 
Physique, Geneva, Switzerland 
A g ‘ t 
RF, 
Wr 





Sere The R. Y. Ferner Company 


Investment Building Washington, D. ¢ 











Strain Gages and Accessories 


for 


Laboratory or Field Work 


for Every Purpose 
Write for Catalog to 


F. F. METZGER & SON 


2600 N. 6th STREET PHILADELPHIA, PA 








a s - . . 
For Measuring Surface Temperatures 
4) ‘ Here is a new form of Pyrometer for measuring 

nor 

p “a fp surface temperatures. Ideal for bearings and for 

dees at zine, aluminum and brass billets. Also certain 


Lance forms of steels under 1500 deg. F. 
PRICES $38.00 to $66.00 


Write for Details 


ILLINOIS TESTING LABORATORIES, Ine. 





Furnished with or without automatic cold end 


compensator tn two sizes. 

















145 W. AUSTIN AVE. CHICAGO, ILL. U.S. A 
Weat h = O te 
Ca cr = Cctie 
. y . ” 
‘“Standarized Weathering 
as an instrument for measuring weathering effects upon any tested samples is today 
quite as well recognized in laboratory and industry as are any of the other instrument 
known for the measure, test and check of physical and chemical properties. The in 
strument that gives this standardized weathering is Weather-Ometer—the only machin« 
of its kind in the world today. Its use is general wherever preknowledge of weathering 
reaction is required. We will gladly detail these uses—discuss with you its application 
to your own needs Ask for Bulletin 1-6. 
By the Makers of Fade-Ometer and Launder-Ometer 
Distributors | 
New York Boston London Berlin | 
ATLAS ELECTRIC DEVICES CO. 
Chicago, Illinois 


361 West Superior Street 














































more modern than the birt H A H 
place of No. 1 xcept for or 
thing: aGutomatlic contr 


rature Here 


f . re ss tting qt 


weLL Recutator Co M 
In Minne apolis Honeywell Re qu ator 
Co x Ltd, Toronto and Montreal. Bray 

New York, Philade Iphia, Boston, Pr« wide nce 


Detroit, Cleveland, Indianapo! Chicago, St 
Louis, Milwaukee, San Francisco, Syracuse 
mochester Ex port: 801 Second Ave., New York 
c le Ad Laboramu 


Distributors és 


MINNEAPOLIS 


INDUSTRIAL REGULATORS 


HONEYWELL 





MENTS 








PYROMETER SERVICE 


PHONE WIRE OR WRITE 


1B! 


of W NET ri cle) tele), Berk 


PYROMETER 
SPECIALISTS 


CHICACO 
708 MADISON ST. HAYMARKET 4983 





Uncover inherent defects invisible to the 
naked il advantage of the Gore lon 
\-Ray :e sis atori the only service of 
kind Secoges 5 Ne w York Wecan X\-Ra t | 
iron. brick lay, wood, and any metal up t 
a thickness of 3 in. for steel, 8 to 9 is f 


aluminum. and equivalents for othe 
Patterns, tools, dies, castings, raw material 


and all 
X-Rayed 


Send X-Ray 
at 1500 s. W 


inquiries to 


s and sizes of me 


shape 


shipments to o i 
esternm Ave Chicago Adare 


Claud 8S. Gordon Company 
\-Ray and Pyrometer Laboratories 


708 W. Madison St. Chicago 








ELECTRICAL MEASUREMENTS of 
ELECTRICAL MAGNITUDES 


NON 


Wew ill « ooperate 
the 


with reputable nar ipctenc 
development of new methods and apparatt 
ious physical quantities by electri 


RUBICON COMPANY 


Makers of Precision Electrical Measuring Instruments 


29 North Sixth Street, 


and.individuals 
s for measuring 


in 
Val 


al means. (¢ e invited 


Philadelphia, Pa. 





























NIAGARA METERS 


for plete inf tee 7 
BUFFALO METER CoO. 
2909 Main Street. Buffilo 


N. Y. 























Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards 
Bridges - Calibrated Inductors 
Attenuation Networks - 
Rectifier Voltmeters 





+ Tube and Tuning Fork Oscillators 
+ Variable Air Condensers 
String Oscillograph - 
Rheostats, Transformers, Relays, etc. 


et RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 


» Accessories: 


* Resistance Boxes 
* Voltage Dividers 
Thermionic and Oxide- 
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IMPROVED MULTIMETER 
FOR DIRECT CURRENT 
14 RANGES 


Supplied in three separate combination 
Double Pivot 





Here are 
14 Meters 


in One 


Studying ] 
Economy e 


| microampere to 1 ampere (1,000,000 mics) 


20 microvolts to 1000 volts 


Just 3 Binding Posts and 1 Selector Switch 
Specially suitable for covering both minimum and maximum readings on 
separate mounted thermocouples in vacuo 


For High Frequency Work, also with photo cells 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 


Branch Office; Mid-Western Representative 
91 Seventh Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, III 


Also Manufacturers of AC or DC Thermal Multimeters, Microammeters, 
Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters, 
Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters. et« 

Single Pivot Meters Supplied to Special Order 


Write for bulletins. 








When writing to the above company, please mention INSTRUMENTS 








INDEX CARD SECTION 

















A 
rdeskorinahie vox f your desk You will then have within easy reach en 
of instrument inf ation oF INCcé siadlie vaeiue 
I I M 
INSTRUMENTS, ‘ 1, No. 6, J ¢ 
\ | I | M 
lr. NICHOLS, INSTRUMENTS, \ +, No. ¢ 1931 
| S | 
M_ I kK} } INSTRUMENTS 4 1 35 ( 
1H 
' S 
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DIAL INDICATORS 





Comparators Fabric Gauges 

Amplifying Gauges Rubber Gauges 

Thickness Gauges Tap Comparator Gauges j 
Depth Gauges Gear Toote Comparators j 
Thread Lead Gauges Cutter Testing Gauges 

Pitch Diameter Gauges internal and External 

Cylinder Gauges Grinding Gauges 

Paper Gauges Caliper Gauges 





Federal Products Corporation 
Providence, R. I. 
CHICAGO CLEVELAND DETROIT MUNCIE NEW YORK 




















SPEED INDICATOR “PROBATOR™ 









5 Accurate, Substantial and 

w ih SECONDS Inexpensive Speed Indicator 

. i ips with Anti-magnetic Stop 

% Watch. The instrument 

et: will work in both directions: 

: i | is not affected by external 

Sf, og noe forces, and will directly in- 

al mcr 6 dicate R.P.M. from 0 to 6000. 
THE GAERTNER SCIENTIFIC CORPORATION 
1201 WRIGHTWOOD AVE. CHICAGO, U.S.A 
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Send for this 10 page catalog 
Send today for the new Ames ©; 
Catalog 
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B.C. AMES CO. 
WALTHAM, MASS. 


Detroit Office, 902 Stephenson Bldg. 


Speed and Extreme 


DhicknessG 
Pocket G 
Densimeters 


es Rubber ¢ 


Automotive G 


(mes 


AMES MICROMETER GAUGES 


fecuracy 


and measurin 
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every testing 


Precision Instruments for 
xht Dial Gauges 
Dial: 


(Lom 


auges tune 


auges 
Lens 
Halftonometers 

,auges 





iter 





ADVERTISERS’ 


INDEX 





















Homo Nitriding Furnace 








EX-CELL-O Uses This Modern 
Hardening Process and Equipment 
| n \ rid Pre Ct 


per ie! id ( pment 


} 
the Homo Nitridin i Ice. 


i} 


Bulletin No. 950-I gives complete details and shows 


installations in well known plants. Send for it. 






LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 














PHI_ADELPHIA CLEVELAND CHICAG( 
i 








TABLE OF CONTENTS 
JUNE, 1931 








Editorial Comment 
First Exhibit of Testing Apparatus and Machines 


An Ideal Tensile Testing Machine 


Timing and Scheduling Instruments 


New Instruments 








Richard Rimbach, Managing Edit M, F. Béhar, 


D | > 
Puodlished 


INSTRUMENTS PUBLISHING COMPANY 
3619 FORBES STREET, PITTSBURGH, PA. 


Joseph J. Vigneau, President Richard Rimbach 
















QUICK - ACCURATE MEASUREMENTS 
of 


SOUND AND VIBRATION 
with the 


BURGESS ACOUSTIMETER 









Left: Measuring office 
noises by means of the 
Burgess Acoustimeter 
shown below. Arrow in- 
dicates microphone 


HIS instrument and other new Burgess-Parr 
Products will be exhibited in booths Nos. 
20 and 22 of the A.S.T. M. Exhibit of Test- 


ing Apparatus and Machines. 


Ask or write for Bulletin No. E-9 


BURGESS-PARR COMPANY 


DIVISION OF C.F BURGESS LABORATORIES INC. 
jit WEST MONRAE STREET 
CHICAGS., ILLINAIS 
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THE A. S. T. M. CONVENTION 
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>_< 


Hours of the Exhibit 
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Deserve Credit 
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THE HANDBOOK OF INDUSTRIAL INSTRUMENTS 
CHAPTER XIV 


Timing and Scheduling Instruments 
M. F. Béhar* 


3. Time Indicators 


Various classifications were discussed in Section 2, heading (a). In this 
section we only divide industrial time indicators into (a) elapsed time indi 
cators—usually registering operating time and not registering idle periods 
which start, stop, resume and stop automaticallyf and (b) signalling or other 
“timers excluding however the time switches or other timers which are 
automatic controllers. 


(a) Elapsed Time Indicators 
New General Electric Time Meter 
This instrument (Fig. 441) indicates the 
actual total operating time of any elec 
tric equipment using alternating cur 
rent. Within the meter is a synchro- 
nous motor, like that used in a G. E. 
Telechron clock, which operates while 
the circuit of the equipment is closed. 
This motor, through suitable gearing, 
drives a cyclometer five-digit counter, 
arranged to read in either hours or 
minutes. The meter is supplied on a 
pedestal for portable use, or with a 
threaded connection for permanent 
conduit mounting. The meters are 
available for 110, 220 or 440 volts and 
for 25, 50 or 60 cycles; but no one Fig. 441 

device has more than one voltage or frequency rating. 














Esterline-Angus Time Counter. This is an ingenious electrical arrange’ 
ment whereby minutes and tenths of total elapsed time are indicated on a 
directreading register that exposes a row of numerals like an ordinary 
counter. This result is obtained by placing in a series circuit the following 
elements: (1) a contact on the producing machine, which contact remains 
closed while a piece is being produced; (2) a timing contactor producing 
ten contacts per minute, and (3) the counter itself. By means of this dis 
position of elements the counter receives ten impulses a minute from the 
contactor but only when the machine is producing. The timing contactor 
is a motor-driven device which produces an electrical impulse ten times per 
minute. The device is driven by a 110 volt 60 cycle synchronous motor. 


*Engineering Editor 

tElapsed time indicators which do NOT start and stop automatically with the machines or circuits but requir 
manual operation (such as stop-watclies and fly-back chronographs) find many uses in industry, to be sure, but 
author deems it unnecessary to classify, illustrate and describe them. 
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The contacts proper are designed to operate ten counters. When more 


than ten are used, a small inexpensive relay can be installed so that one 
timing contactor will handle the entire installation. The contactor may be 


mounted on the instrument case or located on a panel with the electrical 
counters. 


Elapsed Time Electric Clocks. Almost any of the now familiar electric 
clocks may be used as an elapsed time or production time (or as an idle time 
indicator by means of a suitable contactor or cut-out switch. Thus, at the 
beginning of a work day, such a clock could be set at “12 o'clock” and at 
the end of the day it would indicate the hours and minutes during which 
the circuit was closed. 


The Hasler Tel Running Time Meter (R. W. Cramer & Co.). This in 
strument indicates the total operation or production time of the piece of 
equipment on which it is installed directly, or to which it is connected by ; 
flexible shaft. Three types are available: (1) Dial calibrated to register uy 
to 100 hours, and repeat; can be read directly to 3/5 of one minute, and by 
esti nation to 1/5 minute. (2) Dial calibrated to register up to 1000 hours 
ind repeat; can be read directly to within six minutes, and by estimatior 
to 2 minutes. (3) Dial calibrated to register up to 10,000 hours, and repeat 
can be read directly to one hour, and by estimation to within 20 minutes 
The only limitation of this instrument is that it must be driven from a rota 
ting member of a machine, so that it does not seem to be applicable to most 
types of chemical processing equipment or even to machines which vibrate 
in operation but have no rotating parts, but apart from this limitation it 
appears to possess noteworthy advantages. For one thing, “it is impossible 
to advance or retard the registration of time, or to augment or diminish the 
accrued total. The elapsed time you read on the dial is absolutely the time 
the machine has worked.” It is not affected by vibration, magnetism, 
gravity or temperature fluctuations and requires no winding or other manual 
attention. It weighs 28 ounces and measures 3! inches in diameter. While 
it requires a rotating drive shaft, it indicates elapsed operating time irre 
spective of the speed of the machine on which it is installed, and irrespec 
tive of the direction of rotation, or variation of direction of rotation. The 
mechanism is manufactured at the Hasler works in Switzerland. 


(b) Indicating Timers 


The ordinary alarm clock is the prototype of all such instruments. In 
dustrial models, however, represent advanced stages of evolution. In spite 
of the variety on the market, it does not seem necessary to devote much 
space here to many of these instruments. Instead, only two have beet 
selected and only one of these is described here, the other—a combination 
signaling and recording instrument—being described in Section 4. 

Stromberg “No. 55°’ (Stromberg Electric Co.). This instrument is repre 
sentative of the modern industrial trend of process timer design and con 
struction, and several features are shown on Fig. 442, and described as 
follows by the manufacturer: 

The dial shown has a maximum length of interval of 3 minutes and 48 seconds and is gradu 
ated in two second intervals. (Dials having longer lengths of intervals and different gradu 
ations are furnished as standard to meet particular conditions.) 

E is the setting hand, which is set to show the period of time of the process. In the illus 
tration the instrument is set for a process of 1 minute and 25 seconds. (The setting hand 1 





‘Vv 


iS 
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Dat ions) oles) 


Fig. 442 





enameled red.) Dis the indicating hand which starts from the point at which the instrument 
has been set and travels to zero. In the illustration the indicating hand has started at 


minute and 25 seconds and has traveled one minute, and shows that 25 more seconds must 
elapse before the process is completed. (The indicating hand is enameled black.) 
C is the button for setting the instrument for any length of process desired. The pushing 


in and then turning of the button C sets the instrument for a new length of process. The 
turning of this button also causes the setting hand E to move and by observing the locatior 
of the setting hand the instrument can be quickly set for any new length of process. C 
button may be locked to prevent setting by an unauthorized person 

When the indicating hand reaches zero an electrical contact is made to transmit current to 
signals which announce the completion of the process. The signal continues to operate until 
the operator pushes button B which causes the indicating hand to throw back quickly to the 
starting point, at which the instrument is set. In the instrument illustrated the indicating 
hand will move back to 1 minute and 25 seconds. The indicating hand then remains statior 
ary at the starting point, until the operator is ready to start a fresh process, at which time 
button A is pressed, which releases the indicating hand and causes it to immediately begin 
to travel toward zero, in correct relation to time 


“SignalGraph.” See below under time recorders. This is a combina 
tion instrument. 


4. Time Recorders 


No attempt has been made to arrange the instruments described below 
in a technically progressive order otherwise than by placing the single 
record or single-purpose recorders first, and the more elaborate instruments 
and the chronographs at the end of this section. (The ones at the end are 
not necessarily the latest, nor the first the oldest. All are modern.) The 
selection, through somewhat fortuitous, is fairly representative. 
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(a) Chart-less Recorders 


The Calculagraph. The various models of this instrument print starting 
time, finishing time and “elapsed time” (see Section 1) on a job ticket or any 
other form which it is desired to employ. There being no mechanical, 
electrical, pneumatic or hydraulic connection between the instrument and 
the production machines or processing equipment, the times are not re 
corded automatically whenever an operation or process starts and stops 
the cards must be inserted manually in the instrument. On the other hand, 
the very fact that the instrument has no physical connection with any one 
or any battery of pieces of production equipment makes it possible to use it 
‘in connection with” any number of machines or men or jobs—the number 
being limited only by practical considerations such as walking distance 
Extracts from the maker's own description follow 


At the beginning of a job or opera 
tion to be timed, a ticket having the 0 
man’s name or number, and any other \ ale 1, / 7 \ OF 
information desired, is issued and — <* fais CO L. 
stamped with the Calculagraph by . Ci : 
operating the right hand lever back- > : = 
ward and forward. The backward o> — j 
motion prints the time of day and . 
date, and the forward motion prints d Si O-- S 
the two circles of figures as shown in pr\y% 7 yey 
Fig. 443. These circles of figures or < Q $ > 
elapsed time dials, as they are called, es 
are constantly rotating, and by print 
ing them on each man’s time ca 
when his job is begun a starting point 
is determined. When the job is 


Xu 0 I, / 


/ 
gD cA finished, the time card for that j 
= is inserted in the slot of the Calcula 
,- HOURS graph as before, and the left hand 
i ar lever pulled forward. This print 
“s two pointers or arrows (see Fig. 44 
-'s N one in each of the two elapsed time 


lials. In the Calculagraph mechat 
ism, these pointers are assembled s 
that they always point at zero but by 


printing them separately when the 





record is closed, they will of course have moved away from the zero mark on the card and wi 


point at the figures which indicate the elapsed time. Thus it is possible for the same Calcu 
graph to compute and record the elapsed time for any number of records no matter in wh 


order these records are opened and closed 


Turning the hands on the clock face does not change Calculagraph Elapsed Time Recor 


thus preventing tampering. An attempt to make false records can be easily detected. Als 
the dial form of record makes other methods of falsification impossible 

Machines used for factory job time keeping purposes are equipped with a “cut-out 
attachment by means of which the lunch period, time before starting, and time after quitting 
as well as any other desired time, may be taken out of the records 


Calculagraphs may be said to be self-synchronizing because with records opened and closed 


on the same machine and the records being of elapsed time, the time of day has no effect ar 
need not be considered. 


Other Chart-less Time Recorders. Various makes of time-of-day stamps 
are no doubt well known to every industrial reader and it seems unneces 
sary to describe their mechanisms or methods of employment. They are 
not only “better than nothing” but often of marked usefulness in promoting 
efhciency—and without necessarily arousing resentment. 





tt 


ct? 
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(b) “Operation Time” Devices for Recorders 


Since recording thermometers, gages, ammeters, etc., are already pro 
vided with chart-driving clocks, many of their manufacturers list various 
simple and inexpensive devices which can be added to these instruments in 
order to produce time records of an additional processing or operating con 
dition. Some of these devices are built into the recorder and must be ordered 
with it; others can be ordered subsequently and attached without much 
trouble. Most consist of an additional pen which travels only across the 
inargin of the chart in order not to interfere with the regular pen or pens. 
Most such pens are driven mechanically, by strings, etc., or electrically by 
magnets. These devices are of great usefulness and it is surprising that they 
do not enjoy the popularity they deserve. It may be that they are not suf 
ficiently advertised: only theC. J. Tagliabue Mfg. Co., to the author's know] 
edge, gives these devices a good display in its general recorder catalog. 

















Another firm that features a time attachment for its temperature and 
pressure recorders is the Consolidated Ashcroft Hancock Corporation 
This attachment—a time punch—1s different from those described in the 
above paragraph in that it is designed not to be actuated automatically, and 
not for remote operation. In other words, it must be worked manually and 
on the spot. The reason is that the purpose of this time punch is to record 
how often and when the instrument was examined: the engineer or work 
man who does so presses the knob of the attachment, and a hole is thereby 
perforated in the margin of the chart. 


(c) Running and Idle Time Recorders 


These instruments are physically connected to the machines, vehicles, 
circuits, etc., and produce records which show “on” and “off” times on 
round or strip charts. We first take up some of the single time record de 
vices on the market, then those providing time records and speed records 
which are most widely used on motor vehicles—-and finally the more elabor 
ate industrial time recorders. 
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The Ohmer-Kienzle Vibracorder is merely attached rigidly to the piece 
of equipment and needs no electrical or other connection. It registers run 
ning time by a broad line and idle time by a thin line, its stylus being always 
in contact sith the chart and oscillating when the piece of equipment is 
vibrating. Hence it finds its readiest application on vehicles where a 
“medium” line shows motor running idle (see Fig. 447) but it can time any 
industrial apparatus that vibrates when running and does not vibrate when 
at rest. The chart is 5 inches in diameter and is a seven-day chart rotating 
once in 24 hours like that of ““Tetco Tim” but instead of concentric circles 
the record is a spiral. A useful feature of the Vibracorder is a time punch 
which perforates a hole in the chart when the cover of the instrument is 
opened and closed. Fig. 446 shows a front view of the Vibracorder. The 
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clock is located in the cover and not only drives the chart but serves as a 
regular timepiece. The semicircle below the hands is a red-and-white tell 
tale disk which shows when the clock is running. 

The “Servis” Recorder (Service Recorder Co.) is also of the vibrator type 
and consists of a hinged casting with an outward-opening cover, a clock 
mechanism which rotates a paper dial and a winding disk that also serves as 
a platform for the chart itself. A lock secures the cover and prevents access 
to the mechanism by unauthorized employes. When in operation, a needle 
stylus in the upper half of the casting is actuated by a pendulum which 
marks the chart with a broad line while the vehicle or machine is moving, 
and with a fine line when the equipment is at rest. The charts used are 
414 in. in diameter and have 24 circumferential divisions, one for each hour 
of the day. These Ccivisions are further subdivided to indicate 10-minute 
periods. The central portion of the chart provides space for the date, 
vehicle or machine number, and other data. The surface of these charts 1s 
covered with parafiin which is traced off by the stylus as it travels over the 


dial. 
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The Autograph Recorder (U. S. Recording Instruments Corp.). This 
instrument is designed for vehicles only. It produces records on 24-hour 
round charts, the running and idle time record appearing only on the outer 
edge while the main area of the chart is used for recording mileage. 


The Ohmer Recordograf (Ohmer Fare Register Co.). This instrument 
records on a paper tape with rectangular codrdinates, time divisions running 
lengthwise. A record line parallel to the edges of the tape thus shows idle 
time, while “sawteeth” across the tape show running periods. Speed can 
also be measured by the inclination of the oblique portions of the record. 
The tape length is equivalent to 36 hours. 


The Pittsburgh Truck Recorder (Pittsburgh Taximeter Co.). This instru 
ment produces a record on a 7-inch 24-hour chart. The record is distinctive 
in that it is punched through the chart, appearing asa line of perforations. 
As many as three charts can be given. A triplicate chart record provides 
one copy for the garage, one for the district office and one for the main 
office. Altering the records so produced is practically impossible. 

“Some of the facts that can be read from the chart record are as follows: (1) Time and 
duration of stops. (2) Time and duration of trips. (3) Total operating time. (4) Total 
idle time. (5) Total actual running time. (6) Time truck is taken out without permission 
(7) Indication that trips have been run as per schedule. (8) To determine schedules. (9 
Highest speed: miles per hour. (10) Average speed: miles per hour. (11) Mileage used 


without permission. (12) Total miles traveled. The instrument itself also indicates to the 


driver the accurate vehicle speed and the correct time of day.” 


The Hasler-Tel Recorder (R. W. Cramer & Co.) is designed to give a more 
complete performance-record than that of any of the instruments described 
above. The record is made on a paper tape, a part of which is shown in the 
rectangular opening at the top of the instrument. It can be installed on any 
vehicie having a speedometer driveshaft, and furnishes a permanent record 
of operating data, such as: time and duration of runs and of stops; total 
operating time, whether the vehicle is moving or standing and when; ve 
hicle speeds attained during every second of operation; location of stops on 
a mileage basis; trip mileage, total mileage and an indication to the driver of 
accurate vehicle speeds and the correct time of day. 

We now leave off the field of vehicle performance time recorders and re 
turn to industrial plant models, taking up several makes in alphabetical 
order. 


The Bristol Company makes both round-chart and strip-chart operation 
time recorders electrically operated, with either spring or electric clocks 
The round-chart sizes are either eight inches or twelve inches; the strip 
chart is six inches wide. Fig. 448 shows the strip-chart recorder equipped 
with twenty pen arms. The numerals | to 20 are printed at intervals along 
the chart to identify the records which, since they appear in parallel form, 
afford a ready means of comparison. 


The Electric Tachometer Corporation ““Tetco Tim” Recorder is an elec: 
trically operated instrument which records on and off periods of motors, 
lighting or heating circuits or of any manually or automatically operated 
circuit. “The recorder is automatic in its operation and changes at the end 
of each revolution of the chart so that it will record a new circle of opera 
tions. It is not necessary to replace the chart at any predetermined time. 
Failure to remove the chart has no effect and the chart remains intact until 
removed. The chart is wax-coated so that no ink is used and the recorder 
can be handled in any position without damage. The recorder can be locked 
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and it cannot record on the chart until it is connected to the circuit and cur 
rent or voltage applied. The weekly record made by this instrument en 
ables a day by day comparison of operating periods showing the operations 
occurring at the same time each day. It also permits a picture of the full 





week's operation on the one chart, for operating periods such as those of 


refrigerator motors, oil burners, coal blowers, etc., a seven-day chart is sufh 
cient to show periods of operation. For special applications, charts making 
a complete revolution in 2 or 3 hours can be furnished. Two types of re 


corders are available: 

The series type is for use on re 
frigerator motors, etc., where it is 
only necessary to plug the appliance 
in the recorder outlet and plug the 
leads from the recorder in the floor 
outlet. This simplifies connections 
and does not require getting inside 
of the appliance for proper cor 
nections. This type of recorder is, 
however, limited in the current 
carrying capacity to 20 amperes and 
for higher capacities the potential 
type should be used 

The potential type is 
similar to a voltmeter in 
its operation. It is con 
nected across the circuit 
or motor terminals so that 
as soon as the circuit has 
potential due to auto 
Fig. 449 matic or manual operation 
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the recorder operates. With no current flowing through the recorder the writing stylus 1s 
held away from the chart. As soon as current flows through the recorder or potential 
applied the writing stylus is placed in contact with the chart and traces a line as long as the 
circuit ison. As soon as the circuit is off the stylus lifts away from the chart and shows the 
off period as an open space in the record circle 

Fig. 449 shows the series or plug-in type of recorder. The potential type is similar except 
that lead wires are used to connect the recorder across the line. The potential recorder can 
be furnished for various voltages AC or DC and can be used with potential transformers for 
higher voltages. A 5 ampere current coil enables operation with a current transformer for 
high capacities. 


Fig. 450 





The chart, Fig. 450, shows seven days’ operation of a refrigerator motor. The on periods 
are shown by the marks and the off periods by open spaces. Each complete circle represents 
one day and each time division covers a 10-minute period. The chart is 434 inches in diameter 


The Esterline- Angus Company's time recorders are all of the strip-chart 
form. See Figs. 451 and 452. In addition to the time records, there are avail- 
able other features of industrial interest: 


The Esterline-Angus time recorder makes a record of the rate at which operations take 
place and shows the productive and idle time. In addition to this record the number of 
Operations can be totalized. In order to obtain this total, an electrically operated counter is 
furnished which, when connected in the same circuit with the pen of the recorder, registers 
the total number of impulses actuating the pen. One counter is used with each pen and they 
may be grouped in a central place. 

Where it is necessary to have, in addition to a record of the production and a total of the 
operations, the total actual working time, this can be obtained through the use of a timing con- 
tactor and an electrical counter as described above in Section 3 under heading (a) 

The time recorder is composed of three essential parts, viz., the containing case, the chart- 
driving mechanism and the writing elements. 

The cases are of three general forms, portable, wall and switchboard. The portable type 
has a carrying handle, and weighs complete about twenty pounds. The wall cases are pro 
vided with lugs so that they can be fastened to a flat surface. Switchboard cases have studs 
which extend through the panel for mounting the instrument. Time recorder meter elements 
can also be furnished in twin type cases, made only in switchboard and wall types, which 
accommodate two complete meter elements so that two time recorder units up to twenty pens 
each can be placed, or a time recorder unit and any other standard meter element, such as a 
voltmeter, ammeter or wattmeter can be used in combination, 
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Two types of chart drive can be furnished, namely spring-wound clocks and synch 
motor operated clocks. On clocks which give hourly chart speeds only, the purchaser has 
the choice of 34, 11,3, 6 or 12 inches per hour. When specified, the clock can be fitted with 
4 minute speed attachment which will give the above chart speeds per hour and per minute 

The recording mechanism consists of a series of writing pens, eacl i st 
electromagnet. Standard recording elements having five, ten or twenty pl 
ina single meter. Twin type cases will accommodate as many as forty pens 

Instruments can be furnished to operate on direct or alternating current, at voltages rangit 
from 6 volts to 750 volts. The operation of the pens is exceedingly rapid, each pen beir 

ipable of recording distinctly as many as ten operations per second 

Charts are six inches wide and ninety feet long TI be furnished printed for 
speeds of either 34, 11, 3, 6 or 12 inches per hour 

Electrically operated counters can be furnished for operation on voltages between 6 a 
220 volts, A. C. or D. C The energy required to operate the counter is approximately 17 
watts for the D. C. and 25 watts for the A.C. type. The mechanism is sufhciently fast t 
register accurately operations occurring as rapid] Standard counters have 
five figure wheels, four black and one red. Sp be furnished with more 


figure wheels if desired 


The Foxboro Company makes electric time recorders in the round form 
with any number of pens up to nine in the 10-inch size and twelve in the 
12-inch size; and in the tape-chart type which can be equipped with up to 
six pens, the chart traveling at a speed of 1, 3, or 6 inches per hour. 


Production Meter Service Corporation. The Signal-graph is a meter made 
especially for platen presses. It is used for recording the length of time of 
plastic cures and also for signaling the operator when the predetermined 
time of cure is reached. This meter has an eight-day chart graduated in 
hours and minutes; six inches representing one hour. The meter is so ar 
ranged that the recorded end of the chart can be torn off and unrecorded 
part left in the meter. The instrument is actuated by a Telechron motot 
movement. A crank arm is attached to the moving part of the press through 
a connecting rod so arranged that when the ram of the press is moved to the 
closed position the pen arm is moved to the right of the chart and the pre 
determined time mechanism is set in motion through the closing of a clutch 
The graduations of the minute wheel and the chart graduations being of the same lengtl 


> the 


ind in turn driven by the same gears, the time indicated on the chart and that shown on the 
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(The Esterline-Angus C 





dial is identical and the length of time the press is closed is shown on the dial and recorded or 
the chart. When the press is opened the crank arm is moved in the reverse direction, the 
clutch is released, the predetermined time dial is re-set automatically to zero or starting pos! 
tion, the pen arm is moved to the left of the chart and records the time elapsed until the press 
is again closed. Records are readable to less than quarter minutes 

A notched wheel, also graduated in minutes, is moved to the position required to obtain 
the proper curing time or predetermined time wanted at which the signal is to be given to the 
operator. This wheel is locked in this position and remains fixed until it is changed by re 
leasing the locking mechanism and moved forward or backward by hand toa new time setting 
The range is from zero to fifty-five minutes, obtainable in steps of quarter minutes. Another 
adjustment allows still finer settings, it being possible to adjust to seconds by turning a micro 
meter screw to the proper position. This adjustment can be made with the meter in opera 
tion. When the press is closed, the predetermined time dial is set in motion by the closing ot 
the clutch and when the predetermined time is reached, an electric contact is made which 
closes the signal circuit operating a bell or light or any other device for visual or audible signal 
to the operator. If the operator does not obey this signal, the chart will record the length 
of overcure and the signal will continue to show for several minutes or as long as the press is 
allowed to remain closed, thus calling attention to the fact that the operator is not “on the 
job.” 


Production Meter Service Corporation. The Production Meter. This in 
strument performs the same functions as the ““Signal-graph” but combines a 
number of units serving a battery of presses. This instrument is located 
in an executive office and is electrically connected to the presses. Various 
chart widths are used, depending on the number of units which number ts 
practically unlimited in instruments made to order. 


C. J. Tagliabue Manufacturing Company. This firm employs its.stand 
ard round chart recorder cases for electrically operated time recorders with 
one or two pens, in the 10-inch size. It also makes a mechanical type time 
operation recorder which is really a motion recorder (see Chapter XVI). 
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(d) Chronographs 

From the industrial point of view, and as compared with the time re 
corders described above, these instruments are microcchronographs. Most 
of the commercial models are designed for the laboratory rather than for the 
industrial plant, and it has apparently come about that no matter how such 
an instrument for recording very small time periods may be built, if it is 
used continuously in connection with production it is called a time recorder; 
whereas if the same instrument is only used for testing it is called a chrono 
graph. Some so-called “fly back chronographs” are forms of stop-watches 
which do not produce records and as J. E. Haswell remarks in his classic 
treatise “Horology,”’ the name is then a misnomer. Oscillographs may be 
employed as micro-chronographs. 

Among the methods of obtaining extremely short time intervals for 
chronographic purposes are (1) to take second signals from a clock, (2) to im 
press an alternating current of known frequency upon an oscillograph vibra 
tor and obtain the alternating wave form on a film, thus giving 120 parts in 
the case of a 60-cycle wave; (3) using a tuning form driven by a vacuum 
tube or otherwise; (4) using two vacuum tube oscillators, the frequency of 
which is made independent of impressed voltages and of slight changes in 
circuit constants by means of either crystal or magnetostriction control 
the reason for using two being that the frequency of one is too high for 
usual purposes so that two are used, with slightly different frequencies, and 
their beat frequency is used for the measuring interval; (5) a constant-speed 
wheel with notches on its periphery together with a light source and a 
moving film, is discussed by G. R. Town in The Review of Scientific Instru 
ments for August, 1930 (reprints furnished by the Leeds & Northrup Co.) 
This Leeds & Northrup set-up is not a commercial apparatus but deserves 
mention as being probably the only one that can measure any time interval 
from 20 microseconds to 10 seconds or longer to a precision of 20 micro 
seconds, and which furnishes a continuous record making it possible to lo 
cate any event within the time interval to the same precision. 

Commercial oscillographs are available which produce fairly wide films 
on which, in addition to the time divisions, a number of separate records 
may be made. An oscillograph may be considered as the “clock” of the 
recorder of a condition or of several conditions other than duration. In 
other words, a recording voltmeter, say, consists of a voltmeter plus a “slow” 
or clock-driven chart on which time lines are previously printed; and an 
oscillograph voltmeter is a voltmeter plus a device having a fast-traveling 
film originally blank on which time intervals of the order of thousandths of 
seconds are recorded together with the voltage record. Thus, the essential 
difference between those instruments termed “recorders” and the chrono 
graphs and oscillographs, is that the latter produce together with records 
of the measured magnitudes parallel records of time intervals which are not 
used as “records” but in lieu of the time lines of ordinary record charts. 
Various oscillographs are illustrated and referred to in other chapters under 
the objects of measurement to which they are primarily applied—time in- 
terval being the reference and not the measured magnitude itself. Chrono- 
graphs, on the other hand, are designed primarily for the measurement of 
durations. This is one distinction between oscillographs and chronographs. 

The “parallel record” referred to above is not an absolute necessity. It 
is a convenience; an instrument which makes a chart travel at a constant 
and known speed does not need to produce a wave form or other such time 
interval scale, because an ordinary inch or millimeter rule can be used. 
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Such instruments are on the market. Thzy do not “graph” the “chrono” 
but are nevertheless called “chronographs” for want of a more appropriate 
name. At any rate, they are widely useful. 


Chronograph “A-390." This is a single-pen instrument of the type just 
described, made by the Gaertner Scientific Corporation. The paper tape 
is 28 mm wide (a little over an inch) and 120 mm long. A Telechron motor 
causes it to travel at the rate of 60 mm per minute so that a millimeter rule 
can be used to measure off seconds. The electromagnetic recording pen 
operates on 3 to 4 volts. Other models are made with two and with t>ree 
recording pens. Any of these three instruments may be furnished with a 
more powerful Telechron motor for higher speeds of paper travel, up to 20 
mm per second. Fig. 453 shows the most recent model. 





Printing Chronograph. Fig. 454 shows the printing chronograph of the 
Gaertner Scientific Corporation which produces, in addition to the record 
of whatever may be measured, a parallel continuous time scale consisting 
of three rows of numerals, which form of scale is quite a convenience. The 
numerals in the first row are the minutes; those in the middle row are the 
seconds and those in the third row are hundredths of seconds, but the type 
wheel which produces this row has, adjacent to the type, a graduated scale 
with 200 raised lines, each being equivalent to 0.005 seconds. In deter 
mining intervals of events with this instrument, one need only read off 
directly when starting from zero; or one need only subtract one set of 
figures from the other, using the 0.005-sec. graduations for closer measure- 
ments, and in no case is it necessary to measure witha rule, Other features 
are described in the following extracts from the manufacturer's description: 

The principal components of the chronograph are a powerful driving clock, the printing and 
controlling mechanism, and the necessary operating relays, together with accessories, such as 
switches, contact keys, etc. The clock with printing mechanism and controlling device is 
mounted on a heavy bakelite plate which forms the top of a case in which the relays, fuse 
blocks, and other accessories are mounted. Access to the case can be obtained through a 
removable panel. 
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ng at a speed of one revolution per secor 
>t wheel with 100 teeth, in which engages a pawl attached to a shaft coaxia 
< shaft on which is mounted the 0.01 seconds type wheel. The pawl is dis 


from the ratchet wheel through the operation of a small electromagnet (contr 








magnet) without interfering with the speed of the driving clock. The method of control i 
is follows: The clock is adjusted to run sufficiently fast to gain about one second in si) 
minutes. The control magnet, which is connected through a relay in the chronograph witl 
the regulator clock or chronometer, receives by means of a special contact device, an impuls 
only when the chronograph driving clock has gained .01 seconds; then the pawl is disengagi 





and the 1/100 seconds tyne wheel retarded for .01 seconds In order to have the contro 
operate with a regulator clock or chronometer which does not make a contact every second, a 
device is provided which allows an impulse to the control magnet only every fourth second 

The type wheels are independently mounted on coaxial shafts running in ball bearings, and 
are actuated through the driving clock. The wheel for printing hundredths of seconds, has a 
continuous rotation as given by the pawl engaging in the 100-tooth ratchet wheel on the clock 
shaft. The type wheel for printing seconds is actuated through a cam attached to the first 
wheel. The type wheel for printing minutes is also actuated through a cam attached to the 
second wheel shaft. The exact printing positions of the second and minute wheels are shown 
on two clock dials... . The paper is of good white grade, 50mm by about 50 meters long 
The prints are made through a silk ink ribbon, which is shifted automatically after every print 
The prints are immediately visible and accessible for notation. 


(e) Pyrometric Cones 

Fairchild and Hoover investigated pyrometric cones thoroughly and thei 
findings (obtainable from the American Ceramic Society) show that a set of 
cones as usually employed does not register—by the comparative deforma 
tion of the three or four numbers—the maximum temperature to which it 
was subjected, but furnishes what we might call an integrated record of 
the duration of exposure and of the rate of heating, as well as of the furnac« 
atmosphere conditions. Such data can be read from the appearance of 
cones only by those that are skilled in their use, but a list of time recorders 








er 


1 it 








June, 1931 INSTRU ME NTS" Page 323 





for industrial processes would (it is believed) be incomplete without men 
tion of pyrometric cones. 


5. Single Duty Controllers 

This section deals with time switches, timers, etc. designed neither for 
multiple-control schedule nor for “condition-curve™ or “gradual” control. 
Although such plain timing controllers can be described as modified alarm 
clocks, those for industrial service bear only a generic resemblance to alarm 
clocks. Here, for example, is a résumé of the specifications of the time 
switch shown in Fig. 461. 

The time movement is a self-winding clock with oversize precision-cut gears, polished 
steel pinions; heavy cold rolled hard brass clock-plates, paired by a process insuring perfect 


alignment and finish of the bearings; 11-jewel lever escapement (this entire unit being inter 


changeable in all Sauter self-winding clocks). Bréguet hairspring. Invar metal balance wheel 


(unaffected by fluctuations in temperature); 4-day mainspring, rewound automatically by 


electric motor twice every 24 hours (to restore clock to exactly its ‘fully-wound” position); 
positive and simple mechanical release precluding all danger of over-winding When 
desired this clock can be furnished with, the Sunday-cut-out; automatically causing the time 
switch to suspend its functions every seventh day The toggle switch control contact is 
operated by 24-hour dial; the contact being used only to close the electrical winding circuit, 
the opening of this 20-watt circuit being accomplished from position-control wiping-contacts 
on rotary main-switch-shaft. (Hence no possiblity of reversal of “‘on’’ and “‘off’’ operations 

. The main switch is motor operated double break, quick acting, laminated brush cor 
tacts with substantial arcing tips. The entire main switch operates in a batch of circuit 
breaker oil, to maintain long contact-life under these heavy loads. These contacts are guaran 
teed for constant load at rated capacity (per pole) plus 25% overload. The electric motor is 
of the series type, 115/230 volt, operating on any standard frequency or on direct current 
without adjustment, it being “Universal."’ Voltage drops of as much as 20% are without 
effect upon dependability 

Only a few of the many makes on the market can or need be described. 
To engineers and other industrial readers the illustrations here shown are 
largely self-descriptive so that the text can be cut dcwn. One instru 
ment is a time control feature for non-time controllers; all others are the 
usual uncombined or self-contained instruments. Note that while this 
section covers only what we may call single-duty controllers, there are in 
cluded instruments capable of controlling a plurality of circuits. Only 
recent developments are illustrated. While classifications according to 
many different methods are possible, we shall merely divide all instruments 
into (a) “timers or controllers independent of time of day, and (b) clock 
time controllers or astronomical time switches. 


(a) Controllers Independent of Time-of-day—‘Timers” 

The General Electric Company's Type TSA timers contain a contact 
making device driven by a Warren synchronous motor. The applications, 
therefore, must be on AC circuits at any standard frequency. The total 
time cycle, consisting of one “on” period and one “off” is repeated continu 
ously and its duration is fixed in each case at the factory but in some forms 
the relative “on” duration can be varied by the user. One form (TSA‘1) 
is shown in Fig. 455. Other available modifications. 


(1) A cs ae switch with a one-w ay contact The relative “on™ - ‘off 1@ 18 
non-adjustable A single-pole switch with a one-way contact. The relative “on™ and 
“off”’ time is mM ole. The range of adjustment permits the contacts to be closed for any 
duration of time up to the maximum of 60 per cent of the total time cycle. (3) A single-pole 
switch, with a two-way contact. It is used for closing a second circuit instead of shifting t 
the usual “off” position. The relative “‘on’’ and “off” time is non-adjustable. (4) A single 


pole switch with a two-way contact. It is adjustable as to the relative ‘on™ time 
A new General Electric timer is shown in Fig. 456 which has to be self 
explanatory, details not being available at the time of writing (June 1931) 
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On electric appliances carrying up to 6 amperes at 110 volt AC or DC 
the 4-inch diameter timer, Fig. 457 (Walser Automtaic Timer Co.) designed 
for shutting off the current at the end of the period for which it is set, is 
easily applied, being furnished with cord, plug and socket. The clock 
movement is built especially for its purpose. It does not require winding 
and does not run when the pointer is at rest. 

Fig. 458 shows another Walser timer, similar in most respects to the 
foregoing but with a base enabling it to be located on a shelf or table. 














Similar in appearance to the signaling time indicator of the same maki 
shown in Fig. 442 is the Stromberg Electric Company's Automatic Con tact 
Repeater. Fig. 459 shows the wiring layout for a “No. 57° Automat 
Contact Repeating Instrument controlling the starting of a motor at pr 
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determined intervals. Each time the instrument makes a contact the relay 
contact is closed, and the magnetic switch in the motor circuit is energized, 
thereby starting the motor. When the apparatus driven by the motor has 
moved a certain distance, contact A is momentarily opened; the magnetic 
switch is de-energized and the power circuit to the motor is broken, thus 
stopping the motor. 

Note that this particular instrument's cycle does not consist of one “on” 
period and one “off” period: the instrument makes a contact the duration 
of which is 1 second or 2 seconds. There are many applications where one 
of the time elements in a cycle must be “flexible” —that is, determined by a 
processing condition other than time. In this case it is the distance over 
which the conveyor has traveled; on other applications the contact “A” 
might be actuated when a desired pressure or temperature has been reached. 
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An adjustable time-limit mechanism which can be incorporated in a 
standard temperature, pressure or flow recorder-controller is shown in 
Fig. 460. In the upper part of the photograph there will be recognized the 
mechanism of a standard Foxboro temperature recorder-controller, to which 
the Telechron clock in the center and the pilot valve parts 1, 2 and 6 also 
belong. The other numbered parts are those of the Foxboro Elapsed Time 
Control Feature (which also includes a signal lamp not shown in the photo- 
graph). The photograph thus shows a triple combination instrument, 
consisting of a recording thermometer, a temperature controller and a 
process-time controller. This is a 1931 development and the brief pre 
liminary description follows: 

A time index arm is driven in the same direction as the chart. It is set to the desired 
elapsed time point and when the time has expired and the index reaches zero an auxiliary-air 
valve is tripped which shuts down the controller. In addition to the time scale the instru- 
ment is equipped with a mercury switch and signal lamp through which the operator is in 
fermed that the operation is concluded. 
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The operating principle is shown in Fig. 460. The temperature or pressure contr 
nozzle and nozzle 4 connect to the same source of air supply, therefore if index 9 is at zero, tl 
adjustable screw 15 is in contact with arm 10 and flapper 12 uncovers nozzle 4 and makes the 
controller inoperative because diaphragm 6 is contracted and air is cut off the diaphragn 
motor and the controlled valve is closed. At the same time the mercury switch 11 is tilted 
closing the circuit and lighting the signal lamp 

To start operation. Set the control point as on a regular RecorderController. M 
index 9 to desired time setting. When 9 is moved from zero, flapper 12 will cover nozzI 
4 and as long as the temperature or pressure is below the control point diaphragm 6 will bi 
expanded and air pressure will open the controlled valve until the control temperature o1 
pressure is reached 

As the clock is revolving, it drives time index arm 9 counter-clockwise. When zero is 
reached, adjusting screw 15 comes in contact with lever 10, moving it and lever 12, whic! 
uncovers nozzle 4 and allows the system to be vented to atmosphere which contracts dia 
phragm 6 and cuts off air from the controlled valve and in turn shuts down the process, at 
as long as nozzle 4 is uncovered the controller cannot operate 


(b) Time-of-day or 24-hour Switches 
Two Sauter time switches (R. W. Cramer & Co.) are shown in Figs. 461 
and 462. The specifications of the former were given at the start of thi 
section as typical of modern construction. The latter is also made ir 
various types and for various 24-hour cycles, but differs principally in the 
switch unit which is employed: it is a quick-acting toggle operated brush 
type switch unit with arcing tips, and cannot reverse the operating pr 
gram. This switch has a wiping contact feature and 1s securely locked 11 
its closed position. It is a double-pole switch which by means of a simpl 
jumper arrangement on the terminal block can be covnerted into a single 
pole switch of 25 ampere capacity on 115-230 volts. The standard dial 1 
designed to control either one or two off-peak periods in twenty-four hours 
The arms can be conveniently set for any program, are held in place by 
friction and can be shifted along the periphery of the dial opposite any tin 
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mark. If more operations per day are required additional arms can be 
supplied. The program once set is revealed to the inspector at a glance. 

The Jewel time switches (Time Switch Sales & Service) control from one 
to three electric circuits: turning a single circuit “on” at a set program time, 
later turning it “off” at a set program time; the program being variable as to 
time setting. An electric time switch controlling two circuits may turn 
both circuits “‘on” at one time and later, turn No. 1 circuit “off,” and still 














Fig. 461 Fig. 463 








later, turn the other circuit “off.” Or it may be arranged to turn No. 1 
circuit “on” and later No. 2 circuit “on” and still later both circuits be 
simultaneously switched “off.” There are other two-circuits switching 
combinations to be obtained. These electric time switches in the single 
circuit types may operate three times “on” and three times “off” in twenty 
four hours, and the two circuit types may make two complete operations in 
twenty-four hours. The No. 2 Jewel time switch is shown in Fig. 463. 
It has a two-compartment case, the clock movement being enclosed in the 
front half and the switch in the rear half. 

“When the clock requires attention, such as cleaning, oiling, polishing balance staff pivots, 
etc., by removing two screws the front half is removed without disturbing the switch, its 
wires or connections. Noelectricianis required. The switch can then be operated by hand 
while the clock is being repaired, or as is the case with large users who carry a few spare front 
halves, a new front half can be immediately substituted for the one removed, giving immediate 
resumption of control.” 
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Fig. 464 Fig. 465 


The mechanism of a new General Electric time switch is shown in Figs 
464 and 465. (1) Warren synchronous motor. (2) Single-pole contacto: 
switch having silver contacts mounted on brushes which bear on the control 
cams. (3) Non-flexible solid brass brushes which also act asa ratchet devic 
permitting dial to be turned only in proper direction. (4) Time pointer pri 

jecting over top edge of dial. The time of operation is determined by the 

setting of two hands marked “on” and “off” which may be adjusted 
steps of 15 minutes. Several 24-hour time cycles are available. One for 
is equipped with an additional contact providing single-pole doublethrow 
operation, suited to the control of circuits where one must go “on” at the 
time another goes “off.” 


6. Sequence or Program Controllers 

Some of the single-duty time controllers described in the preceding sec 
tion come close to deserving inclusion among the program controllers de 
scribed in this one. There is no well-defined boundary. We can start 
with an instrument which is generally classified among time switches—the 
“Master Control” designed by the Stat-Amatic Instrument & Appliance 


Co. for heating installations. Extracts from the maker's description: 

The duty of this Master control is to automatically shift, at predetermined hours each one 
of the thermostats from the day to the night temperature level, and vice versa, each day during 
the week. However, in factories, office buildings, schools and like buildings, it usually is 
desired to hold the night, or lower, temperature over the week-end. This is very easily 
done, by simply equipping the clock with the Program Dial (Fig. 468). By means of this dial, 
it is possible to obtain almost any sort of program or schedule desired. Simply set the finge rs 
on the program dial to cover the particular period when it is desired to maintain the lower 
temperature, and it will be taken care of automatically. Ina factory, for example , one of the 
fingers on the Program Dial would be set, let us say, for 12 o'clock Saturday noon. The other 
finger would be set for some time after midnight Sunday. This means that the temperature 
would be shifted to the night, or low level, at 12 o’clock Saturday noon, and would remain at 
this level until a definite hour—say 6 A. M.—Monday morning. 

The Plain Dial of Stat-Amatic (Fig. 467) rotates with the movement of the motor-wout 
clock, and makes one revolution every 24 hours. On each dial are index fingers which may 
set at any hour of the day or night. If only a simple shifting from “day” to “night” ar 
“night” to “day’’ temperature levels is wanted, two fingers are used. While the plain di 
normally has two fingers, it may be supplied with four, if four changes are wanted. As 
example, in a home from which the occupants are absent at business during the day, t 
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changes might occur at6 A. M.,8 A.M.,5P.M.,and 10-30P.M. The “day” temperature 
then is reached at 6 A. M., and swung to the “night” or lower temperature level at 8 A. M., 
back to day temperature at 5 P. M., and reduced to the night temperature at 10:30 P. M., or 
any desired hour. 

The Program Dial (Fig. 468) is used to automatically hold the night, or lower, temperature 
level over the week-end without any manual attention. This dial is geared to the regular day 
dial and revolves once a week. It is equipped with two regular fingers, for “spotting out™ the 
week-end operation as where the temperature is held at the “night” level from Friday after 
noon to Monday morning. On this dial may also be used two extra fingers that may be placed 
in position to hold the “night” or lower temperature level over a mid-week holiday. These 
pins are then removed the next morning 


The same company also specializes in time switches for street lighting 
installations. These instruments embody astronomic program dials where 
by on and off either coincide exactly with twilight and dawn, or to other 
desired schedules: 


“These dials determine automatically the time of lighting up and extinguishing electric 
lamps, street lighting circuits, etc., according to the variable length of the day throughout the 
year. The dials turn one revolution per twenty-four hours . . . The helical gear makes one 
revolution per year. The helical wheel is connected by means of a friction plate with a small 
year disk . . . The cursors, actuated by the rotation of the year disk execute a reciprocating 
movement that moves two fingers and forward and backward along the periphery of the day 
dial . . . Combination 1—lamps lighted half of the night (evening lighting) . . . Combination 2 
—lamps lighted morning and evening . . . The other two fingers may be further adjusted so 
that the lamps may be automatically extinguished at say, 11:30 p. m. and lighted again at 
5:00a.m. In summer, if no morning lighting is desired, simply removed screws JandK.. . 
If, for some reason, “on™ and “off” is desired to differ from the astronomic setting, simply 
slacken the nuts M and L and move the fingers G and K to the time when lighting up and ex- 
tinguishing at that period of the year is desired. Then tighten nuts M and L.” 

“Time Cycle Contactors” is the designation adopted by the Automatic 
Temperature Control Company for its scheduling or program controllers 
—and it is accurately descriptive. Extracts from the announcements: 

A few of the time cycle contactors developed by this Company may be broadly classified 
under two general groups, viz: 

1. Cycle Repeating Contactors, designed to periodically repeat the cycle so long as the 
line switch is closed. 

2. Cycle Stop Contactors, designed to start from a push switch, run the time cycle set 
and stop until the starting switch is again actuated. 
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Fig. 469 shows a Cycle Stop type contactor designed to handle three contacts per cy 
sequence. Timing and power for operation are obtained from a small synchron 
motor, geared to desired time of cycle. Change gears permit altering time of cycle. Or 


in desired 


cam is pinned to the cam shaft, but the others are adjustable in relation to each other withi 
the time of the cycle. Provision is made for shortening or lengthening the time of contact px 
cycle, and where necessary contacts can be provided of a type to quickly make and also quick 


break their circuits. Progress of the cycle is indicated on a graduated dial. The number 


ig. 469 


operations in a given time may be readily noted as a totalizing counter is tripped each cycle 
Units of this type have been built with eleven contact discs and with a cycle of 96 hour 
while others have been built with a cycle of only a few seconds 
Fig. 470 shows a Cycle Stop type contactor which does not require change gears to alter 
the time of cycle, this change being made | 
means of an adjusting knob outside the casi 
The zero adjusting screw permits ac 
rately setting the lower contact while th 
adjusting knob is used to set the upper cor 
tact for any desired elapsed time within t} 
dial range of the unit 
Motive power and timing are obtains 
from a small double field synchronous mot 
which moves the elapsed time contact 
clock-wise, or counter-clockwise, dependit 
on which of its field coils are energized. This 
unit is built in both the Cycle Stop and the 
Cycle Repeating types. The extensi 
lever at lower left hand corner is designed for 
operation of the reversing switch. This 
lever is normally held in a raised position by 
means of a spring, this throwing the motor line switch to “off” position. Placing the work 
in position for treatment mechanically pulls down the lever arm and throws the motor line 
switch to “on” position, thus energizing one winding of the motor, so that elapsed time cor 
tact arm starting from zero, travels clockwise for the time cycle set, upon completion of whic! 
contact is made to operate signal, or where desired, a motor operated controller. Where 
motor controller is used it can be arranged to automatically remove the work at the end of th« 
cycle and in so doing the lever arm is pulled up by the spring, thus throwing the motor line 
switch to “off” position. When the next load of work is placed in position, the lever arn 
is again pulled down, throwing the line switch to “on” position, but this time energizing the 
other winding of the motor, so that the elapsed time arm travels counter-clockwise for the 
same time period, making contact at the zero position of the scale and repeating the signal or 
the automatic removal of the work 
The table below gives standard full scale dial ranges for this type unit, and the value 
scale division 


Full scale dial range, minutes 40 | 60 
Scale division, seconds 8 | 12 
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It is possible to set the high contact arm for any desired elapsed time within full scale range 
of the dial and this setting can be made to a scale division or closer 

Fig. 471 shows a timing contactor of the Cycle Stop type which was designed for a tunnel 
kiln manufacturer to gradually advance loaded cars of work through a kiln by governing the 


speed of a hydraulic ram under 3000 pounds pressure. Due to the possiblity of “wire draw 
ing” the valve parts at this pressure it was not desirable to throttle the water to the ram it 


order to take 31% hours for full ram stroke of 91 inches, hence it was decided to operate a two 


f 


position motor valve in by-pass line around the ram, this valve to be opened and closed 
} 


means of contacts carried by the timing unit. The shaft at right end is driven by a small 
synchronous motor geared for desired R. P. M. and carries opening and closing contacts 


1 


The shaft at left end carries the common contact and is rotated at speed the ram is travelling by 
means of a cord attached to the ram and passed over a cone of the step cone pulley, the pulley 
cone being selected according to the speed desired. In this instance the different cones re 
duced the ram speed in 15 minute steps from a maximum of 314 hours. Arrangements were 
made that the water supply to the ram could be adjusted so that when valve in by “pass Was 
closed the ram traveled slightly faster than desired and when open, sli 
sired. With the ram traveling faster than desired, the common contact on the step cone 
pulley shaft overtook contact on the motor driven shaft, and actuated the controller to open 
valve in the by-pass line tending to slow down the ram speed. This permitted the motor 
driven shaft to operate faster than the step cone pulley shaft, so that the opposite contact was 
shortly made, thus closing valve in the by-pass line, and in this way keeping the rama 
at the desired speed. On small units satisfactory operation was obtained and less equipment 
required by directly operating the motor driven pump from these contacts, thus eliminating 
the motor control valve in by-pass lines 


The Monitor Work Cycle Timer (Monitor Controller Co.), Fig. 472, is 
a multi-circuit sequencing controller the most important characteristic cf 
which “is that it can be reset instantly at the starting point at any time 
during, or after, the completion of a cycle” according to the maker’s de 
scription, from which other extracts follow: 


. The current-carrying switches in a given timer unit are all electrically connected on the 
pivoted side. Each individual switch consists of a rotable disk carrying an adjustable contact 
point and a post fixed on the panel and connected directly to the circuit to be controllled 
Chere are as many of these little switches as there are circuits in the sequence. The rotable 
disks are mounted loosely on a sleeve which is carried on a revolving hollow shaft. Each 
such disk is between two rotating disks that are keyed to the shaft. These rotating disks are 
equipped with carbon blocks that bear lightly against the switch disks. The rotating hollow 
shaft is driven by a constant-speed electric motor. Through its center extends a clutch 1 
that can be moved by the action of a powerful magnet When the magnet is excited, the 
clutch rod is pulled to the right, and all the disks are pressed together, and pressure starting 
with the outside disk and passing through the whole line, so that there is exactly the same 
pressure between all disks. Then the switches rotate, being driven through friction by the 
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driving disks. Rotation of each switch continues until it closes on its stationary cont 
From that time on, it simply slips between its driving disks. When the magnet 


post 
released, the pressure is removed from the disks and the reset weights cause all the swit 


disks to drop back to the normal rest position, ready to start again 











PROGRAM DISC 


The International Metal Disk Program Machine (International Tim 
Recording Co.), Figs. 473 and 474, is most widely used in connection with 
the maker's well-known school and factory time control systems but ts 
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applicable also to industrial purposes. The illustrations are largely self 
explanatory. Additional data: 

Schedules can be easily and quickly changed by even an inexperienced person, as often as 
desired, by simple shifting the position of the clips on the program disks. A heavy disk type 
calendar drum is arranged to silence the signals nights, Sundays, etc. The schedule on this 
calendar drum is set up individually for each signal circuit for a period of a week. Different 
schedules may be set up for different days of the week. The schedule on any circuit may be 
set to be automatically silenced any morning, afternoon or evening of the week. The calen- 
dar drum shifts every six hours 














Fig. 475 

Instead of clips, pins are employed for making up programs with the 
Sangamo timer (Sangamo Electric Co.) which has a rotating dial with two 
rows of holes near its edge. There are 96 holes on the 24-hour dial shown 
in Fig. 475, corresponding to 15-minute intervals. The timer embodies a 
mercury switch. 

Where not only accurate timing of the various steps of a process, but also 
adjustable variations in the timing are necessary, and where moreover it is 
required to carry considerable current, the sequence controller must be of a 
size suited to the job. Such a controller is shown in Fig. 476, courteously 
contributed by The Iron Age, in the April 23, 1931 issue of which appeared 
an article by P. B. Harwood of Cutler Hammer, Inc., the manufacturers 
of the controller, from which the following is abstracted: 

The device was designed for timing the periods of a heat-treating process. The process 
was divided into three periods, and it was necessary to time each of these periods in se- 
quence automatically. The time had to be adjustable in intervals of 1 sec., from 1 sec. to 
5 min. for each part of the process. At the time when the photograph was taken only two 
of the timing devices were installed. The blank panel at the upper right will be occupied by 
a panel duplicating that immediately below it and an additional cylinder will be added to the 
upper left-hand panel. 
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A small synchronous motor was used to drive a shaft through a gear reduction. From thi 
main shaft which ran continuously at a constant speed, smaller shafts were driven at right 
A timing cylinder was arranged so that it could be connect: 

When connected to the small shaft the timing cyli: 
The clutch consisted of a gear which was engaged | 
The timing cylinder had several sets of cor 


ngles through bevel gearing 
to the small shaft by means of a clutch 
der made one revolution in 30 sec 

means of a solenoid and disengaged by gravity 
tacts used for functional purposes and in particular one set which made a contact at the end 
each revolution. This set of contacts was used to energize the coil of a ratchet-operat 
pilot switch. This pilot switch, therefore, moved one notch for each revolution of the timir 
cylinder, or in other words, one notch for each %4 min. The ratchet-operated switch clos: 


a different pair of contacts on each position and by means of a manually operated select 
switch it was possible to choose the desired set of contacts or, in other words, to choose tl 
number of half-minutes required. In addition to the contacts which operated the ratchet 
switch the timing cylinder had an adjustable pair of contacts which could be set to close 
circuit in any number of seconds from one to 30 after the timing cylinder had started to move 
This pair of contacts was connected in series with the contacts of the ratchet switch so that 
in order to obtain a circuit for the signaling device, it was necessary for the ratchet switch t 
be in the proper position according to the number of half-minutes selected and for the timir 
cylinder to be in the proper position according to the number of additional seconds select 
A small lever may be seen at the bottom of the timing cylinder. This was used for selectit 
the number of seconds required. 

When the two pieces of apparatus had both reached the desired positions, in other word 
when the selected length of time had elapsed, a circuit was made for a timing relay whic! 
closed immediately and operated the signal, which might bea light or an alarm bell. The pil 
device and the timing cylinder immediately returned to the “off” position, but the sigt 
continued in operation for a length of time determined by the setting of the time relay. } 
particular accuracy, of course, was required for the duration of the signal. 

At the same instant that the signal was energized the clutch for the second timing mech 
ism was also energized and that cylinder started to move, thus timing the second period 
the process. When the second period had been completed in the same manner as al 
outlined for the first period, then the third timing cylinder was started. When the tl! 
period of the process had been completed, the first cylinder was again energized 


Fig. 478 shows a portion of a Cutler-Hammer sequencing system for « 
trolling a Cottrell precipitator. The elements of one of the ten individ 
timers can be seen, as well as parts of elements of adjacent timers. A pilot 


e 
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motor (not shown) rotates a master timing drum at one revolution pet hour 
(changeable at will by gear change). The master drum makes circuit for 
one after another of a number of the individual timers, each of which 
consists of a pilot motor driving, through a gear reduction, a cam shaft 
operating switches which control the electric circuits. 


Fig. 477 shows a Cutler-Hammer motor-driven timing device, used for reversing the 
tion of gas flow through a coke oven every half hour or every 20 minutes as desired 
timing clock starts the operation by providing a circuit for a magnetic relay that starts 
pilot motor which, through a gear reduction, drives the cam cylinder shown at the right of the 
panel. This makes one-half revolution for a complete operation of the ovens, in which cycle 
it shuts off the gas, reverses the dampers and valves and then turns on the gas again. The 
motors used to operate the various valves and dampers are each stopped on their own limit 


switches and the pilot motor is stopped after one-half revolution of the cylinder by means of a 
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Fig. 477 
contact on the cylinder. When another set period has elapsed, a second contact in the clock 
makes circuit, which rotates the timing cylinder through the second half of its revolution and 
again Causes motors to go through the proper cycle to reverse the valves. A double-throw 
knife switch permits the selection of either one of two sets of timing contacts, which may be 
for half-hour cycles or for 20-minute cycles. An adjustable resistance for the pilot motor is 
provided whereby the rotation period of the timing cylinder may be varied 


Fig. 479 shows a Cutler-Hammer inductive time limit contactor used as a time lag relay 
The closing coil is located at the top of the magnet structure and the hold-out coil at the 
bottom. Less than two volts are required on the hold-out coil to prevent the contactor from 
closing when 230 volts are applied to the closing coil. Both coils may be connected in series 
across the line and the contactor will then be locked open. To close the contactor the hold 
out coil is short-circuited, after which approximately two second elapse before the contactor 
closes, This period, required for the flux to die in the hold-out coil and magnetic circuit, may 
be adjusted by means of a movable nut in the hold-out coil magnetic circuit, which varies the 


air gip of the circuit. 
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It must not be inferred from the preponderance of electrically-operat 
controllers which have been illustrated and described up to this point, th 
electrical operation is universally preferable. The fact is, of course, th 
electrical instruments are the most conveniently built and the most nume 
ous on the market, but air-operated controllers have their advantage 
especially when time control must be combined with control of temperatur: 
pressure, or flow. Air-operated timers are made by the principal manufa 
turers of temperature and pressure controllers and as we shall see in Secti 
8, ““condition-curve™ or “gradual” time control is usually effected with th 
iid of compressed air as the source 
of power. Air-operated sequence 
controllers (without the gradual 
control feature) deserve to be 
compared with the electrically 
operated types when a sequenc 
ing installation is considered. 
The most recent developments in 
this line at the time of writing 
(June, 1931) are those of the Bris 
tol Company. Extracts from the 
technical announcement: 


In the automatic 
control of process 
cycles the maximum 
of simplicity at a min- 
imum of cost may gen- 
erally be obtained by 
the use of diaphragm- 
operated valves actu- 
ated by a pneumatic 
cycle controller. A 
very large proportion 
of controlled processes 
are such that the se- 
quence of the several 
events which fermi- 
nate the cycle is the 
reverse of their order 
at the beginning of 
the cycle Where 
this condition holds, 
the operations may be 
controlled by a single- 
cam instrument, in 
which a number of 
pilot valves are actu- 
ated in turn by a mo- 
tor-driven cam. This Fig. 480 
cam may be made ad- 
justable within certain limits; and speeds are determined by change-gearing betwee! 
synchronous motor and the cam-shaft. The starting and stopping of the motor are usu 
governed by a pressure-operated switch within the case of the instrument. A single 
controller is shown in Fig. 480. 

Where utmost flexibil ity is required, and the different events in the cycle overlay 
varying degrees, rendering control by a single cam impracticable, there is available the ¢ 
of instrument shown in Fig. 481. Here several individual cams are mounted on a com: 
shaft, and each is adjustable through a wide range, both as regards the duration of it 
fluence in the cycle and its position in the sequence of events. The pneumatic featur: 
this instrument are identical with those of the single-cam controller; but, as in the 11 
ment illustrated, two pressure switches may be furnished, where it is desired to ass 
the starting and the stopping of the motor with different events in the cycle. 
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Fig. 482 shows another air-operated sequencing controller recently 
developed (late 1930) by the Taylor Instrument Companies, designed fot 
controlling the duration and sequence of operations actuated by steam, 
water, gas, electricity, or compressed air. Its operation is independent 
of temperature or pressure in the apparatus being controlled, although 
it can be arranged to operate in conjunction with such conditions. 

The types of applications controllable with the various designs of this 
new instrument are as follows: 

“The Fixed-ScheduleCam Type ‘TymeCycle’ Reg 
process is continuous; that is, where certain functions are t 
given order for an indefinite time. Also for processes where a certain 
must be performed in a given order and within a given period, at the er 
ing duplicate cycle must be started manually, or automatically fro 
apparatus. This form of operation is possible because at the end 
stops, the cam follower is in the proper position for starting the fol ng cy 

“The AdjustableCam Manual-Reset Type “Tyme-Cycle’ Regulator is used on applica 
tions where it is convenient to reset the cam manually n processes where the final holding 
period on the cam must be adjustable, app! > require an adjustable type 
f cam, which means that at the end of each cycle im follower will not necessarily be in 
the correct position for starting the succeeding cycle. To start the following cycle therefore, 
the cam must be revolved to the correct starting point 1 this instrument an extrenal ad- 
justing knob can be furnished for this purpose. Where it is desirable to accomplish this 
iutomatically the adjustable-cam automatic-reset type regulator should be used 

“The AdjustableCam Automatic-Reset Type “Tyme Cycle’ Regulator is used on applica- 
tions where it is desirable to vary the duration of any of the operations which are a part of the 

mplete processing cycle, as described in the two preceding paragraphs, but where the cam 
must be reset automatically to the starting position of the next cycle, \ 


minute. 
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Warren Telechron motor 16 and clock 17 
wer 3, the t are bar 10, adjust ible te ippets 12, and air v ilves A, B, & 
valves supplied with each instrument depends on the requirements 
gages Cc tah nds to the number of Vv ilves used The 

ending on the device operated 
12, whi ch 1S raised and l were 
> tay ypets are fastened The 


lividual air valves at an 


The mechanism (see Fig. 482) comprises a 
am 5, the cam follo 
D The number of 
ipplication. The number of air 
supply may be anywhere from 15 to 40 pounds, de 

Each air valve is actuated by an adjust able ta 

ype , in which the 

> 12) to make contact with th i! 


{ 


position of tappet bar 10. Once adjusted they are locked in place with a locknut 11 
valve A is inverted, resulting in its action being the reverse of valves B, C and D, { 
given upward or downward movement of tappet bar 10 

The tap pet bar is suspended on three flat, flexible stainless steel springs, 9. This thr 
point method of mounting causes a uniform vertical movement of the tappet bar, as com] 
with unequal travel of tappets _— conventional pivot-type bearings are used. Thi 
is raised and lowered by a knife edge, thro ugh the movement of cam-follower 8. This 
form vertical movement permits the same depth of cut on the cam for any one of the air \ 
This results in the simplification of tappet-bar adjustment; also the revision or the maki 
cams by the user, to accomodate changes in time schedule 

Steps are cut on the cam, corresponding to the number of air valves to be operated 
the sequence in which they a Blank cams can readily be cut by the user t 

changes in the process cycle. When the total revolution is different, it will be necessat 


change both gears and cams 





June, 1931 INSTRUMENTS 


The cam is rotated by a Warren Telechron motor 16. thr 
lock motor is sealed in oil and requires no attention whatever 


ugh suitable gearing 
By various combins 
gears and motor speeds the cam may be made to revolve in practically any desired time period 


The cam-driving gears are heavily constructed and are interchangeable I 


e,s 
¢ > the t 1 ous speeds by changinoe the 
to rotate the cam at variou peeds Dy changing the 


lat it 1s p ssible 


gears, which takes less than 1 minute 


Another recently —e > alr operated sequencing controller 1s a of 


the C. J. Tagliabue Mfg. Co. One model, shown in Figs. 483 and 484, 
designed especially for ~ So press operation, which application was de 
scribed in detail in the March 1931 India Rubber World, trom which the 
following is abstracted 


t nying photographs. The 
view showing the door closed (Fig. 483) needs no explanation except as regards the small 
handle at the right hand side of the case. This is an emergency press-opening device. Should 


4 workman become caught as the press is closing o 


The TAG Timer is shown in greater detail in the accomp 
' 


iny other reason he finds it necessary 


b. AG Automatic. 
E 


to open the press after he has started the timer in operation, he simply turns this handle a 
quarter turn. Fig. 484 shows the construction inside the case, from which view it will be 
seen that the emergency lever turns a cam, thus forcing down the main lever, operating both 
pilot valves and opening the press. Once the emergency device has been used the press is 
locked in the open position until the foreman unlocks the controller door and releases a latch 
on the emergency. This prevents operators fe using the emergency as a means of operating 
the press independently of the controller and thus shortening cures, would, 
of course, defeat the whole idea of automatic timing 


“The internal construction of the controller consists of the 


electric clock, zero reset device 
sub-lever, main lever and two pilot ball valves identical with those used in temperature 
controllers. These pilot valves are operated simultaneously but, as one is direct-acting and 
the other reverse-acting, air is admitted to one end and vented from the other end of the 
double-acting air cylinder of the Stuart valve. The air pressure employed is at 55-lb. pressure 
Fig. 484 shows the internal construction of a platen press timer which not only opens the 
press at the end of the cure but which “bumps” the press at any point or points during the 
cure as often as the schedule calls for. The long concentric slot in the cam —— location 
of the bumping sections wherever desired. The bumping is performed just as a skillful 
operator would do it. The press is opened far enough to allow the escape of the gases which 
have been generated and then reclosed, this action being repeated as often as the bumping 
section has notches. Either type of controller may be quickly and easily reset for any cure 
from 1 to 40 minutes and longer cures can be arranged if necessary 

“On certain types of work, it is desired to close the press with low pressure and maintain 


the low pressure for a certain definite time before putting on the high pressure for the 


balance 
of the cure. This has also been accomplished automatically 
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Another model of Tagliabue sequencing controller, Fig. 485, 
designed for the rubber industry. It, too, employs compressed air, 
electricity is additionally used for starting. Figs. 486 and 487 show typic 
tube vulcanizer applications diagrams: 

“This tube mold timer consists of a cam revolved by an electric (Telechron) clo 
with its contour cut to move a rider and related leverage in successive rises and drops, ther: 


operating a series of pilot air valves in the controller. These air valves are supplied 

5 lb. (sometimes 30 or 35 lb.) of clean air by the manifold on which they are mounted 
wl the air valves direct-acting or reverse-acting, a rise on the cam will either cause 
to vent the air from or exert it upon the diaphragm top of 1” size three-way valves. The thr 
way diaphragm valves, of course, either admit the high pressure (00 of 100 lb.) air to the pr 
cylinder of the mold or to the tube itself or shut this supply and vent to atmospher 

While the basic design of these timers is such that practically any sequence of events 

ed the requirements thus far are covered by four types of mold The inst 
ne type of mold is shown in Fig. 486 and the sequence is as fol 
Start of cure 
(1) Valve D vents air from upper er 
closing cylinder F through check 
which opens wide and weight of lid 
press One end of locking cylinder | 
vented but locking cylinder does not oy 
because its other end is likewise vented 
Sometimes steps 2 and 3 were combi 
eliminating one pilot valve in timer and 
diaphragm valve 
2) Valve C admits air to left side 
locking cylinder, locking the press, and si 
ultaneously but more slowly inflates pre 
diaphragm through an orifice so that the 
phragm inflation will not prevent the | 
ing operation 
(3) Valve B admits air to tube 
Cure then proceeds and valve B vent 
tube before end of cure. At end of 
valve C vents diaphragm and vents left s1 
locking cylinder which, however 
not move because there is no air pressut 
other side. Finally valve B admits air to right side of locking cylinder (thus unl 
the press) and the air also goes thr ugh check valve to the top of the closing cylinder 
the check valve closes with air-flow in this direction and the air mist pass through thi 
fice, thus delaying the opening of the press until the unlocking operation has | 
pleted 

The mechanical valves are part of the standard press equipment and being functione 
press movements they involve no critical timing but positively occur in proper seque 
Fig. 487 shows hook-up on another type of mold. The sequence is as follows: 

Start of cure 

(1) Valves Y and Z operate simultaneously and oppositely. Valve Z admits air to cl 
cyl which closes press door inasmuch as other end of this cylinder is vented thr 
mechanical valve A which is open and valve Y which vents to atmosphere. 

(2) As press door reaches closed position it pushes open valve B which admits air 
side of locking cylinder thus locking press. As piston of locking cylinder begins its n 
ment it closes mechanical valve A 
(3) Valve X admits air to tube 

Cure then proceeds and valve X vents tube before end of cure 
At end of cure 

(1) Valves Y and Z operate simultaneously. Air from left side of locking cylinde 
bottom of closing cylinder vents to atmosphere through valve Z. Valve Y admits air t 
side of locking cylinder, unlocking press but it cannot open press because valve A is 
and will remain closed until unlocking is completed 

(2) At end of unlocking operation valve A opens, enabling the air to open press 
which it is assisted by a booster. 

(3) As door begins to open valve B is closed in readiness for next cure 

In order to eliminate the possibility of air being passed to the tube before the pres 
been locked, a third mechanical valve is sometimes installed in the line between valve X 
the tube. This valve is mechanically opened at the end of the locking stroke and ret 
open until the press unlocks at the termination of the cure 
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In all such installations, either of two methods can be used for starting the controller. 
Another method consists merely of a starting box with a lever handle, having an 
internal latch, double silver contacts and a pressure capsule which is connected to the first 
pilot valve operated in the timer. When the operator is ready to start the cure, he presses 
down on the lever handle which latches in the down position and closes the contacts 
contacts, being wired in series with the controller clock, start the timer and alm 
mediately the first pilot valve puts air in the line to which the capsule of the starting | 
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connected. The inflation of this capsule restores the lever handle to its original position ready 
for the next cure—and also maintains the contacts closed until the end of the cure—at which 
time, when the timer vents the air from this line, the capsule deflates, opening the contacts 
and stopping the clock. 

Until recently timers for this service had the cam cut so that it started the cure at the zer 
mark, went through the complete cycle of operations, and having made a complete revolution 
came back to zero at which point the clock was stopped. The length of cure was definitely 
fixed by the reduction gearing between the cam and the electric clock whose revolution time 
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could not be altered. Also the timing of events was permanently decided by the contour of 
the cam. Changes in cure length were accomplished by substituting new gear wheels and 
changes in intermediate timing by recutting the cam 

Demand for a quick and easy means of adjusting the timers in this respect and one which 
would not involve buying and waiting for new gears was met by the Tagliabue Fully Adjust- 
able Timer. Instead of an electric motor only capable of rotating counter-clockwise, a rever- 
sible electric clock is used which rotates counter-clockwise during the first half of the cure, 
then reverses automatically and turns the cam clockwise back to zero where it again reverses 
(so as to be ready for the next cure) and immediately stops. This makes it possible to change 
the cure length in a few seconds’ time for it is only necessary to reset the reversing arm at 
the new time on the cam, which is graduated in minutes. The period during which the tube 
is venting has also been made fully adjustable by having a separate cam sector (readily 
loosened, shifted and relocked) govern this operation. Those portions of the compound cam 
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In this controller, a worm drive is used between clock and cam to eliminate the back las! 


present in spur gearing. Ball bearings are used not only for the two worm shaft bearings | 
ilso for the cam spindle, thus assuring perfect running at all times. A friction piece makes 
ssible to move the cam manually should this be desired 

















































7. Condition Time Curve Controllers 


As was pointed out in Section 1, heading (b), there are numerous indus 
trial applications calling not only for the “holding” control of processing 
conditions such as temperature, humidity, etc., but for definite conditiot 
time curves obtained automatically, repeated at will and modified at will 
This is the case, for example, in dyeing processes where research has show: 
that each particular class of dyestuff requires a scientifically worked out 
temperature curve in order to produce the best results in the way of exact! 
tude of shade, fastness of color and other qualities the absence of which 
would mean a loss instead of a profit in the sale of the finished product. Ii 
the vulcanizing of rubber, controllers which regulate both temperature 
pressure over a predetermined time cycle have made possible the use of 
modern “accelerators” which have both cut down the cost of the proces 
and increased its efficiency. In the drying of many classes of materials 
temperature-time cycle is often more important than the mere holding of 
the optimum maximum temperature. The sterilizing of evaporated milk 
the boiling of size for warp sizing, and numerous other processes are all 
improved through the use of these controllers. 

In the hardening of steel there is a critical stage where the absorption ot 
heat by the steel without rise in its temperature, in the process of structu 
readjustment, suddenly breaks the curve recorded by a thermocouple 11 
contact with the work, apart from the furnace temperature curve. Ten 
perature-time control is of great value here too, but is effected by a speci 
instrument not depending on a time cam, and this method (the Leeds ¢ 
Northrup Hump Method) will be referred to separately at the end of th 


section. 


a : 
Variable-condition or gradual-change controllers were first brought out 
by the C. J. Tagliabue Mfg. Co. a few years before the war and the first 
models embodied one cam (shaped to order at the factory) of such contout 
to lift or lower a “rider” or contact arm or lever whose gradual motio 
altered the setting of a temperature controller of the air-operated type. 

Fig. 488 shows one arrangement of the essential elements in a tempet 
ture-time controller (as made by the Taylor Instrument Companies). C 
B is for temperature setting and below it is the capsular spring C of the 
temperature-control tube-system. 

Assuming that air-valve D is in a fixed position, its opening will be governed entirely | 
the movement of the capsular spring C. Since the amount of movement of the capsular sprit 
and consequent opening of the air-valve is determined by the temperature in the apparat 
it follows that only sufficient air pressure can pass to the diaphragm-operated devices to ma 
tain a fixed temperature in the apparatus. If however cam B were turned to the left, tl 
would allow air to pass at an increased rate to the controlling device, resulting in a | 
temperature in the apparatus. If cam B were turned to the right the expansion of C w 
have to be increased to open air-valve D. This adjustment would then cause a rise in temper 
ture in the apparatus. Moving cam B from its original position causes a higher or | 
temperature to be maintained, dependent upon the direction in which it is moved 

f cam B were driven by a clock mechanism and its contour cut in accordance with a 
determined time-and-temperature schedule, the changes of temperature in the apparatus 
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be effected in accordance with the time-and-temperature schedule. Since the slightest move’ 
ment of the capsular chamber affects the controlling temperature, it is evident that cam B 
would have to be cut to within such close limits that it would be impracticable. To a 
plish the purpose in a practicable manner a larger cam A is used. The contour of this larger 
cam A is followed by the arm E, which is a member of a compound multiplying lever to whi 


the air-valve D is fastened 

Such is the simplest form of a condition-time curve instrument and before 
passing on to the multiple-cam controllers it is not amiss to outline the pos 
siblities of single-cam control. (The time-curve cam may be used in con 
nection with the control of temperature, pressure, level, flow, voltage, etc., 
but only the possiblities of the temperature application will be described) 
With one eye on the clock and another on a thermometer, a man might 
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I 188 (Taylor Instrument Compan Fig. 489 (C. J. Tagliabue Mfg. ( 


attempt to control the temperature in an apparatus in accordance with a 
schedule, by manipulating the setting key of a temperature controller, but 
with such manual changes of the setting point, only a rough approximation 
of the desired temperature curve or cycle would be obtained. Moreover, 
to repeat such a cycle again and again would be beyond human powers 
the merest lapse of memory being immediately reflected in an irregular curve. 
The “memory” of the automatic controller is the rotating cam, on which the 
distance from the center to the edge determined the temperature at any 
given moment. Not only is it possible to produce a given temperature 
cycle again and again, but by merely selecting a different cam from any 
number, any other desired cycle can be produced. The only limitations 
are the range limits of the temperature controller tube-system, and the time 
limitation of the clock movement. To substitute one cam for another on 
the spindle of the clockwork takes but a moment. 

] ] 


jesired 


At the end of the process or cure, the controller can ring a bell or flash a light, as 
and, when so specified, blow-off the apparatus and admit cooling water—all with one cam 
After the apparatus under control has been reloaded, resetting the cam automatically opens 
the steam inlet and closes the blow-off line and cooling water line, so that everything is in 
readiness for repetition of the process 

Not only is it easy to substitute one cam for another on the spindle, but even one cam may 
be used for more than one type of cycle. For example, let us assume a processing cycle cover 
ing two hours. With an 8-hour clockwork, a cam can be cut having three cycle contours 
its periphery with ample room between. These can be stamped A, B, and C, and the man 11 
charge of the process can use each at will, by simply tightening the cam so that the ridet 
will be at the start of the desired contour. 
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Such a cam (Fig. 489) consisting of a metal disk of proper shape and nothing else, is known as 
1 non-adjustable cam. By adding what is known as a “trip arm,” a simple device positioned 
on the cam spindle next to the cam, we have what is known as a semi-adjustable cam (Fig. 490) 
which provides for an adjustable total duration of heating, the function of the trip arm being 
to throw the rider off (and thereby cause the heating medium to be shut off as explained in 
connection with the Foxboro timing feature, Fig. 460 

There are finally the fully adjustable cams (Fig. 491) provided not only with a trip arm but 
with a movable celluloid segment (transparent in order that the time graduations may be read 
through it) by means of which the very contour of the cam may be modified within certain 
limits. These adjustable cams are widely used in dyeing and other processes in which the 
optimum holding temperature, or temperature of the “boil”, is fairly well known, while the 
duration of the rising period (from room temperature to the boil) requires a careful change for 


j 


each class of dyestuff or of stock being dyed 


°e 


O¢ 
| 


“a T og \1\ \ 
{11/1 |) 2 





Fig. 490 (C. J. Tagliabue Mfg. Co Fig. 491 


A feature which must not be overlooked is that the temperature controller whose setting 
point is automatically raised, held, or lowered by the contour of the cam, may itself be adjusted 
within a range of several degrees, so that, for example, a “smooth” or plain circular portion of 
the edge of the cam may represent any desired temperature within the adjustment range 

It goes without saying that with properly insulated processing equip- 
ment and with proper installation of bulbs and other parts of the system, 
great exactitude of schedules is attained. The author has seen a series of 
recording thermometer charts taken from a rubber insulation vulcanizer 
thermometer which are so alike that the red temperature records appear to 
have been turned out in a printing press as were the green-ruled charts 
themselves. Once the chemist has developed the optimum schedule, he 
can safely trust the controller to repeat it again and again, provided only 
that the processing equipment itself is adequate and the installation properly 
made. 

The foregoing statement of the results that may be accomplished with a 
single-cam temperature-time controller dimly suggests the possiblities of 
multiple cam controllers. 

A temperature-time control method radically different from that de- 
scribed above (which assumes a pre-determined curve) is that invented and 
developed by the Leeds & Northrup Company for a process that presents a 
unique problem—the hardening of steel. Space limitations preclude more 
than a sketchy description abstracted from the 40-page L & N booklet on 
the subject 
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While the steel is in the critical it absorbs heat but does not increase in temperature 
During the critical, however, the furnace temperature rises. The difference between furnace 
and work is greater at the end of the critical than it was at its beginning, so that work heats 
faster above the critical than below it. 

To illustrate: In Fig. 492, the line A BC D shows uniform rise in furnace temperature 
at a constant heat input. EF shows the resulting temperature rise of the work to the critical, 
FG the constant temperature in the critical and GH the more rapid heating above due to the 
greater temperature difference at J as compared with I. In Fig. 493, the line AB, BC and CD 
shows interrupted rise in furnace temperature with varied heat input. EF shows the resulting 
temperature rise of the work to the critical as in Fig. 492, FG the slightly longer duration of 
the critical and GH the rise above the critical at the same rate as below it, due to equal temper 
ature differences at J and I. Also while the temperature rise M is the same in both figures, 
the time K and the time L are longer in Fig. 493, and will be constant for successive pieces, 
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Fig. 492 Fig. 493 


because the temperature differences J and I remain equal, however long the critical may 
continue. Therefore, the ideal conditions which should exist in order to control or eliminate 
distortion (and change in physical dimensions) or breakage should be based upon the absolute 
control of the rate of heating and subsequent cooling of all parts of the tool. This control 
should allow the tool to be heated so that all sections, independent of their size and mass, 
reach the critical or change point together, leave it together and arrive at the quenching 
point together 

To control the rate of heating in and above the critical as precisely as below it, the manual 
setting for constant heat input can be elaborated. Where the nature of the work requires, 
input can be reduced as the hump begins and resumed as it ends, so that the temperature 
difference between work and furnace is not increased during the critical. This can be done 
manually with the regular hump equipment, but the human element may be eliminated by 
controlling the rate of heating automatically. 

For this purpose we apply to the Hump Furnace, in place of a simple single-point tempera- 
ture recorder, a combination recorder and recording controller. This instrument draws two 
dotted lines on the chart. One dotted line shows the temperature of the work and that of 
the furnace. This difference in temperature is controlled automatically to prevent the build- 
ing up of an excess temperature difference between work and furnace at any point in the 
heating cycle . 

The controller can be so set that this difference shall be the number of degrees required 
to give the desired rate of heating of the work. If it becomes greater, the heat input is 
reduced automatically. If it becomes less, the heat input is increased automatically. When 
cold work enters the hot furnace both curves drop while the work heats and the furnace 
cools, until the correct temperature difference is reached. Power is then turned on and the 
controller is in operation. The control or temperature-difference curve proceeds in a vertical 
line without variation while the temperature of the work rises correspondingly. While the 
temperature of the work is in the critical, however, it will be noted that the controller curve 
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8. Combination Controllers 


This section could be headed “Elaborate Time Control Systems,” for the 
several assemblies of control equipment with which we conclude this 
chapter are composed of control units every one of which comes under one 
of the preceding sections—the condition-time curve units under Section 7 
the sequencing units under 6 and the plain timing features under 5. While 
there is “nothing new ’ in their various elements, some of these combination 
instruments probably represent the finest expressions of inventive genius 
to be observed in the field of automaticity. Those included below have not 
been selected by the author as ingenious curiositi es, however, but solely 
as exhibits suggesting practical industrial utilizations in more extensive 
fields of applicability 

Fig. 495 is the diagram of a horizontal vulcanizer application of the Tayl or 
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An important use for combination cycle controllers is the “staggering” 
or rotating of phases or stages of batch processes carried on in “te of 
processing units, in order to provide the 1 requisite condition curve in each 
unit and also to attain or approximate an even flow of material to and from 
the battery as a whole in spite of the fact that each unit is fed intermittently 
and delivers intermittently. A four-vat battery of batch pasteurizers is 
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an interesting example. Such installations have been equipped by the 
Tagliabue Co. with twelve-cam controllers having four sets of three cams 
all on one shaft, each set of three comprising an inlet valve cam, an outlet 
valve cam (both “contact” type) and a ten ture cam of the “curve type 
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What happens in each vat is as follows: (a) The inlet valve is opened while 


the outlet valve is held closed; the temperature is gently raised; (b) inlet 
valve closes, temperature raised to 144° in ten minutes; (c) both valves 
closed, temperature held at 144° for thirty minutes; (d) heat shut off, outlet 
valve opens for twenty-minute emptying period. The complete cycle 
for the battery of four vats takes eighty minutes and the vats are emptied 
in turn, providing a continuous delivery flow to the coolers and bottle 
filling machines. 
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Another interestingly worked out standard installation combining two 
temperature-time control units with sequence control (in which some 
events are tiined absolutely and others relatively to conditions) is that of 
the C. J. Tagliabue Mfg. Co. for vertical tire vulcanizing presses. Fig. 496 
shows the hook-up, with diaphragm-motor valves A, B, C, D and E operated 
by double-system temperature-time controller K which is described in part 
as follows: 

This controller is the No. 260 plus added features. To emphasize these, let us briefly re 
view what the No. 260 does: The No. 260, by means of one temperature control system, 
takes care of the press temperature throughout a predetermined schedule. It also has a second 
or “condensation temperature” system. It ends the cure at the desired time; and it then 
blows off the press. This leaves two jobs for the heater man todo: (1) Cooling—by flooding 
or spray—for a definite length of time; (2) Draining. It was to make these manual opera 
tions equally automazic that the No. 280 was designed. The front cam is identical with the 
one cam of No. 260 controller. The added back cam operates the various water valves and is 
adjustable for duration of cooling and draining as required 

The operation of the valves is charted in Fig. 497. The control cycle is as follows 

During Cure—Steam Inlet Valve A throttles to maintain temperature cycle. Condensa 
tion Valve E removes wet steam. Cooling Water Inlet Valve C, Water Drain Valve B and 
Blow-Off Valve D remain closed 
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Fig. 497 


At End of Cure—Steam Inlet Valve A and Condensation Valve E close and remain closed 
thereafter. Blow-Off Valve D opens. Cooling Water Inlet Valve C and Cooling Water 
Drain Valve B remain closed. 

At End of First Variable Period—Blow-Off Valve D closes and remains closed thereafter 
Cooling Water Inlet Valve C opens. Cooling Water Drain Valve B remains closed allowing 
water to partially fill up (or “‘flood"’) tire press 

At End of Second Variable Period Cooling Water Inlet Valve C remains open. Cooling 
Water Drain Valve B opens and remains open thereafter. 

At End of Third Variable Period—Cooling Water Inlet Valve C closes. Then clock stops 

When Controller is Reset for Next Cure—Cooling Water Drain Valve B closes. Steam 
Inlet Valve A and condensation Valve E open wide (as press is comparatively cold). All 
other valves are closed. 

The arrangement shown in Fig. 497 is for the “flood’’ method of cooling after cure. For 
vulcanizers cooled by the “spray’’ method, drain valve B may be equipped with a duplex top 
like that of blow-off valve D and these tops interlocked so that cooling water (often contami 
nated) will not discharge into the hot wells, but will drain to sewer; also to prevent steam 
pressure in blow-off header from blowing back into one vulcanizer when others are blown off 


There have recently been developed combination cycle controllers which 
not only provide the optimum temperature-time curves and other 
wise bring about the complete curing cycle, but automatically supervise 
interlocking safety features and automatically perform specified tests to 
“see that everything is right” before the processing cycle is begun. Fig. 
498 shows a Tagliabue combination cycle controller designed for installation 
on a tire press in which each tire is expanded into its mold by an air bag. 
This makes it necessary to regulate hydraulic pressure, high-pressure att 
inside the bags, and low-pressure air for steam-valve operation, in addition 
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to the temperature cycle regulation which includes a heating period, 
holding period, blow-off of steam, admission and draining of cooling water 
and final mold-warming. Typical specifications as laid down by a tire 


manufacturer are as follows 





“Fill ir bags in five minutes; one minute to test for alr leakage If s (5-1 Ir p permis 
sible); thirty minutes to rise to vulcanizing temperature; two hours hold at that temperature; 
three minutes to blow down steam; thirty minutes opening of water inlet and water drain for 

ling; ten minutes to warm molds to facilitate removal of tiré And throughout the entire 
ure, whevever the hydraulic pressure drops from 1500 Ib to 1200 lb, the controller shall 

itomatica relieve the pressure 
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The foregoing application is noteworthy not only for the complexity of 
the automatic operations but for the automatic interlock of safety features. 
The complete cycle covers more than two and a half hours. A striking AM 
contrast is afforded by another rubber curing application—a five high platen 
press for rubber heels. Operators of such presses are paid for every heel 
of good quality produced. The principal function of the cycle controller 
is to time the cure to the second. The press cannot be opened during the 
cure, but it opens automatically at the end of the cure, and a signal lamp 
moreover lights 15 seconds before the end. Safety interlock of all steam, 
air and high and low hydraulic ram pressure lines is also provided. 
In order to bring about complicated schedules controlling operations re 
quiring considerable power, the automatic controller grows beyond the 
usual dimensions of an instrument and almost attains the size and appearance 
of the auxiliaries department in a power plant. The Freyn Engineering 
Company’s blast furnace Charging Control System, for example, comprises 
in addition to a sequence control instrument a number of other units in 
cluding the control panel shown in Fig. 499. This charging control system 
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is a complete equipment for automatically codrdinating and sequencing the 
various operations involved in charging a blast furnace. It may include 
| equipment for automatic weighing and charging of the coke; and it is used 
with air-operated, steam-operated, oil-opet ited ind electri ally operated 
devices. Brief extracts from the Company’s description, while of necessity 
going beyond the description of the controller itself, reveal che possiblities 
of time cycle control on industrial applications 
This blast furnace charging control system automatically sequences and interlocks tl 
various operations involved in charging the furnace so that only one man per turn is re 
for charging. This man operates the scale car and starts the skip hoist on its way after 1 
ing material intoit. All other parts of the chargi ipment are 1 ked so that the 
can operate only in proper sequence hey ar ised t erate it roper seque 
Should any part of the charging system fail t perate, the remainder of the equipment i 
,utomatically caused to stop thereby preventing the piling up of material at some point in th 
charging system 
‘a e principal elements of this ing ava 
t llowing 
| pet r-drive 4 yperati 
trolling valve or four-way k governi f I 
steam or oil te It hoist 
2. Duplicate equipment for lar ist 
3 lateria king control isting of 
Revolving distributor 1 slow 
b) Skip interlocking 
Bell interlocking 
1) | ceplate interlocking 
4. Sequence control 
5. Small bell control 
6. Large bell control 
7. Signal system for indicating number 
by small bell 
8. Transfer switch equipment for quickly transferrit 
from automatic to manual control 
9. A push-button switch is provided for permittir 
extra skip loads without disturbing the automatic operati 
The Valve Operator comprises a motor-driven spe 
reducer mounted on a bed-plate and equipped with limit 
| switches and a crank for operating the valve lever Fig. 499 


Four interlocking controls are furnished 1) For interlocking the distributor with tl 
skip hoist, so that the skip cannot be hoisted until the distributor stops revolving, and to st 








the skip at slow-down in case the small bell should not be closed 2) For interlocking th 
small bell with the skip, causing the skip to suspend operation, in case the small bell does not 
| function. (3) For interlocking in a similar manner the operation of the large bell wit t 
of the small bell, thereby preventing the operation of the small bell in case the larg 
Fa to function 4) For interlocking the operate of the faceplate so that the faceplat 
move one segment for each dump of the small bell, otherwise the succeeding dumy 
bell is prevented, which in turn stops the skip at slowdow1 
The purpose of the Sequence Controller is to accomplish the operation of the | 
response to the operation of the small bell in such m r that the large bell wall | perate 
.fter predetermined numbers of operati ns of the small bell. The arrangement provides that 
the small bell may make a pre-determined number of dumps, followed by the dumpit 
| the large bell, and may then make ~ een r pre letermined number of trips, again followed | 
the dumping of the large bell. The number of dumps firs mn r from the 
number of dumps second mentioned Th 1s, it may be po r the st to mak 





four dumps, followed by the dumping of the large bell, and then for the small bell to mak 
five dumps, followed by the dumping of the large bell, this cycie being rey 
Control provides that the number of dumps of small bell prior to the first dumy 
and the number of dumps of small bell prior to the second dump of large 
vidually selected within limits determined by the amount of control eq n 
With the standard arrangement, the maximum number of dumps of the small ‘dur j 
complete roundis ten. This control consists of a faceplate having a motor osetia 


across it. The arm carries a brush or contact finger so arranged to engage with nine contact 
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segments arranged in a row in the direction of travel of the arm. Near the completion o. 
each dump of the small bell, the motor causes the arm to move over one segment. Connect- 
ing to the segments are ten single-pole, double-throw selector switches. These switches are 
provided for selecting the number of dumps of the small bell before the large bell is caused to 
dump 

Small Bell Control. Two contactors are provided for controlling the valve operating 
mechanism governing the operation of the four-way cock for the small bell. 

Large Bell Control. Likewise, in the case of the large bell, similar equipment is provided 
for controlling the valve operating mechanism 

The Signal System comprises a ten-light lamp target indicator, which lights up to indicate 
the number of dumps of the small bell that have been made in a given round 

The mode of operation of the sequence control is as follows: Upon the completion of the 
first dump of the small bell in a round, the faceplate arm is moved over one segment of the 
small bell, the arm is moved over successive segments, successively completing circuits in 
sequence to the individual selector switches. When the faceplate arm has moved far enough 
to reach a segment connecting to a selector switch that is closed, a circuit is completed for 
energizing the stock-line recorder control, causing withdrawal of the test rod. When test 
rod reaches its uppermost position, a circuit is completed for energizing the large bell control, 
thereby causing the large bell to dump for the first time in the round. After the faceplate 
arm has moved over enough segments to reach the second selector switch that is closed, a 
circuit is completed to cause the large bell to dump for the second and final time in the round 
At the time the large bell makes its final dump for the round, the motor driving the faceplate 
is reversed, causing the arm to return to the zero or starting position for a new round 

Provision is made so that the large bell cannot open unless the small bell is closed. Also 
by means of the bell interlocking control, the small bell is prevented from operating until the 
large bell is closed. The bell interlocking is energized from the sequence control and when 
actuated, prevents further operation of the small bell after it has completed the dump on 
which it may then be engaged until the large bell has operated. As soon as the small bell is 
closed, the large bell will open and close, and upon closure of the latter, the bell interlocking 
will function to permit further operation of the small bell 

Should the large bell fail to dump or fail to complete its dump, the bell interlocking will 
prevent the small bell from operating. If the small bell does not dump, the skip interlocking 
will stop the skip at slow-down. Hence, it is seen that not only are the operations of the skip, 
revolving distributor and large and small bell sequenced so that they occur in order, but also they 
are checked so that should any part fail to operate, the cycle is interrupted and stopped. This 
prevents dumping more than one skip load on the small bell before the latter operates, and also 
prevents dumping more than the predetermined number of loads on the large bell before the 
latter is dumped 

A series of ten lights, placed in a lamp target, to be installed at a point convenient for 
observation by the scale car operator, shows at all times how many loads have been completed 
in the current round so that the operator is constantly advised of his position in the sequence 
without depending upon memory. 
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HANDBOOK oF STEAM Frow Measurement. L. K. Spink. The Foxboro 
Co., Foxboro, Mass., 1931, Paper 514x734 inches, 48 pages. Gratis. 


Mr. Spink, the Manager of the Flow Meter Department of The Foxboro Company, has condensed into a 
convenient flexible pocket booklet the essentials of this subject—and in an original manner which should prove 
attractively interesting to the practical man without by any means failing to reach the level of theoretical presentation 
which the most erudite graduate engineer may expect. This booklet contains within its small number of pages 
compiete formulae for the computation of steam flow The computations are arranged in two parts—for constant 
pressure applications and for fluctuating pressure applications. All of the necessary correction and coefficient tables 
are given. The fundamental theory of the orifice-type meter is described and also various types of primary devices 
which are used in the installations. There are things to critize in the make-up but they are probably not Mr. Spink’s 
fault: for example the first table is numbered X and it is followed by Table Xa then, eleven pages later, by Table IIA, 
while the useful five-page table of density multipliers for saturated steam—and others—are not numbered at all 
But these and similar slips are probably first-edition “bugs” and do not detract from the value of this little treatise 

M. F. Béhar 









































June, 1931 INSTRUMENTS Page 353 


NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 





Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional Information 








New Potentiometer Pyrometer 
Thomas R. Harrison* 


NEW potentiometer pyrometer in indicating, recording, multiple recording, and con 
trolling types has been developed by the Brown Instrument Company. 

There are two general types of thermoelectric pyrometers—the millivoltmeter and the 
potentiometer. For certain requirements, the millivoltmeter type is more suitable, whereas 
for other requirements, the potentiometer type is preferable. 

The new Brown Potentiometer has some 55 features which are new in potentiometer 
pyrometers, the most important of which are described below. High accuracy, easily main 
tained throughout the life of the instrument, was considered to be of prime importance in 
its design 





Fig. 1 illustrates the operation of the new Brown potentiometer pyrometer, a null.type 
potentiometer in which the galvanometer A directs the operation of mechanism to rebalance 
the circuit for each change in emf that is measured 





*Director of Research, Brdwn Instrument C 
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At intervals of every few seconds, the galvanometer pointer B is lightly clamped. A step 
1 positions a rugged secondary 


on the selector table C rests gently against the pointer anc 
pointer D. The step lever E periodically moves downward into contact with the secondary 
pointer and rotates gear G secured to shaft H. The amount of rotation depends upon the 
position of the secondary pointer. The rotation of shaft H readjusts the slide wire contact 


j and simultaneously moves the pen P 






































The Brown galvanometer is designed to have a uniformly high responsiveness under al 


practical operating conditions. The balancing mechanism exerts no strain upon the galvano 
meter pointer and the mechanical movements of the secondary pointer are comparatively 
large. As a result, no adjustments are needed to take up the wear on either the pointer or 
contacting mechanism and the highest accuracy is maintained over long periods of contin 
uous operation 
The charts and scales 12” wide, were produced with great care to conform to the latest 
calibration values for Iron(Constantan, Chromel-Alumel, and Platinum-Rhodium thermo 
ouples. In order to derive full benefit from these carefully made charts, it is necessary to »™~ 
make suitable corrections for the natural expansion and contraction of the chart paper that 
takes place with changes in atmospheric humidity. It is because of this expansion and con 
traction that strip charts have oblong holes at one side of the paper. Such expansion and . 
ontraction can cause errors of over 1% of the reading of some chart ranges unless corrections 
are made. To eliminate such errors, a humidity compensator is built into the instrument and 
this automatically corrects the pen position and brings it into proper register with respect 
to the chart markings. Also, the charts are printed under a standard condition of humidity 
The new Brown potentiometer is believed to be the only recording instrument having 
this feature. 
Another original feature in the Brown potentiometer is the sturdy, dust-proof case that is 
equally suitable for wall mounting, front-of-board mounting, flush type panel mounting, or 
table mounting. The same instrument may be procured for wall mounting and subsequently 
mounted flush on a panel board. The instrument door has a handle containing a lock so that 
the door may be locked or not as desired 
The case is entirely enclosed and there are no openings through which the chart must 
extend. A re-roll attachment for the chart is standard and can be used if preferred, or the 
chart may be allowed to accumulate in the bottom of the case. An ample expanse of the record 
line is always exposed to view. 
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The galvanometer is completely enclosed in an inside compartment with a glass window 
giving it full protection from mechanical injury and from air currents when the door is open 

The galvanometer pointer and suspensions are relieved of practically all the work by the 
introduction of a “secondary pointer’ system, wherein a rugged secondary pointer assumes a 
position in magnified proportion to the galvanometer pointer and then governs the adjust 
ments of pen and slide-wire contact 

The slide wire is exceptionally long, 40 inches, which permits the use of a relatively large 
diameter wire. This reduces the effect of wear to a minimum, makes accurate operatiot 
easily maintained and permits more convolutions and consequently finer scale subdivisi 
without increased resistance. The slide wire is in spiral form and enclosed in a glass container 
which can be filled with oil, insuring freedom from corrosion or fouling of the slide wire 
contact and further reducing wear to a minimum 


The pen is moved by a stainless steel shaft with a long spiral groove and is operated ir 


conjunction with the slide-wire contact by means of a positive pawl-driven mechanism that 
cannot slip 


The long slide wire and the spiral shaft pen drive permit close settings of contact and per 


with relatively large mechanical motions produced by the pawl-driven mechanism; th 
, 


necessity for extremely close adjustments of the drive mechanism is obviated and the adjus 
ments are not easily upset, as by wear 


Automatic control is obtained through mercury switches which can handle up to 5 
amperes at 220 volts (60 amperes at 110 volts). As the mercury switches are sealed 1n glass 
no open arcs occur and danger of fire and explosion is eliminated. The instrument may | 
provided with as many as 3 mercury switches, making it applicable to the operation of vari 
valve control mechanisms or signal lights 

The control temperature is easily set by a knob projecting through the front of the door 
and this knob can be left in place or removed as desired 

Multiple recorders employ the color-code employed with other Brown Multiple Recorders 
A new “balanced stroke’ feature causes the record to be printed and the instrument connected 
to another thermocouple as soon as the proper balance adjustment has been reached. Thi 


results in more frequent printing and consequently more accurate and legible multiple records 


In the Brown potentiometer, the terminals for both the thermocouple wiring and the 
control circuits are in an enclosed terminal box with outlets for conduit wiring. A terminal 
block with a temperature equalizing metal insert is provided for the thermocouple cold jur 
tions and compensator, to insure accurate cold junction compensation 

These examples of the many new features indicate the effort which has been made t 


design a rugged potentiometer pyrometer for severe industrial service and one which will 
have the extreme precision required in modern industrial measurements 


e 
New Tapalog Recording Pyrometers 
(Wilson-Maeulen Company, Inc.) 
NEW series of Tapalog recording pyrometers for single and multiple records, for either 
base-metal or rare-metal thermocouples, and for various temperature scales up to 3000°| 

and equivalent C scales, has just been brought out by the Wilson-Maeulen Company, In 

The Improved Tapalog has been entirely redesigned mechanically, to adapt it to the use of 
an improved industrial type of electric synchronous motor clock of excellent power output 
which can be connected to lighting circuit or regular plant source of alternating current power 
The Tapalog as now presented provides a recording cycle of greater frequency and a machine 
design remarkable for the small number of mechanical parts that constitute the simple at 
robust mechanism 

The chart is 6 inches wide for each record, whether single or multiple. The multiple 
design enables the full width of the chart to be used for each record, which is immediately 
visible as soon as printed. Each record on the multiple record Tapalog is printed in a dif 
ferent color, using color for record identification throughout. An endless belt of typewriter 
ribbon furnishes a means for printing that is never too wet or too dry, but always prints clear 
and plain records. The ribbon is underneath the chart paper and does not touch the pointer, 
so the pointer cannot collect ink and become sticky and dirty. The printing ribbons for 
multiple record machines have as many bands of different color as the number of records 
In both the single and multiple record Tapalogs, the depressor prints the record every twelve 
seconds. In multiple record machines the thermocouple connections are switched after three 
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depressions, or after 36 seconds on one couple. Thus on a six record machine, (the maximum 
number of records on one instrument) the record is absent from any couple only 180 seconds 
or 3 minutes. Multiple recorders of fewer records than six have a correspondingly greater 
frequency of cycle. Tapalogs can be ordered for chart speeds of 1” per hour or 2” per hour 
as desired 


The galvanometer is a high resistance movement of “mono-pivot™ design retaining the 
single bearing principle that has contributed much to the success of Wilson-Maeulen pyro- 
meters. The mono-pivot moving system can be heavier than any other type, and permits a 
rigid metal frame to be used for the moving coil. This supports the coil and prevents it from 
warping or getting out of shape from the effects of heat or moisture Stability of calibration 
and durability are thus assured. A clamping mechanism, obtainable only with mono-pivot 
galvanometers, disengages the pivot from the jewel bearing, and firmly holds the moving 
system during shipment and handling of the instrument, and prevents injury to the moving 
system and its finely constructed and polished jewel bearing 


























The electrical commutator portion of the automatic switch is the same reliable design that 
has provided perfect thermocouple contacts in Tapalogs for a number of years. Solid gold 
wire segments wound on a molded bakelite drum, and platinum faced brushes, are the elements 
of the multiple switch. The mechanical escapement and switch shifting device of former 
models has been replaced by a simpler and sturdier escapement mechanism which is incorpor- 
ated in the clock unit and which is connected to the electrical commutator portion of the 
switch only by a loose link shaft, so that either may be removed without disturbing the other. 


The electrical automatic cold junction compensator, through a Wheatstone bridge circuit 
having one coil variable in resistance in proportion to temperature, automatically corrects the 
current from the thermocouple, eliminating errors due to changes of the thermocouple cold 
junction temperature. This automatic electrical compensator is contained in the Tapalog 
case, and installation is greatly simplified, since buried cold junctions, thermostats, water 
cooling systems, and all other methods of stabilizing cold junction temperatures are un- 
necessary. The Wheatstone bridge method of cold junction compensation is scientifically 
correct and accurate in principle 


The case opens diagonally, allowing complete access for inserting new rolls and ribbons, and 
a simple, convenient arrangement for lowering the paper carriage allows charts and ribbons 
to be easily changed, and all parts of the mechanism are easily accessible for adjustment 
Convenient eyelets in the case casting permit the case to be locked if desired. The main 
frame and support brackets of the Tapalog are strong aluminum alloy castings of generous 
size, machined to precision limits, forming a rugged support for the assembled mechanism 
The whole machine is well protected by a heavy cast case, rubber gasketed to keep out dust 
and moisture, and with heavy glass windows to admit plenty of light 


The Tapalog with its black enameled case, polished windows, and finely finished mechan- 
ism, presents a splendid appearance of fitness for long and reliable operation. 
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Hydraulic Universal Tester 
(Alfred Suter) 





[ designing this machine the Losenhausenwerk aimed at producing as compact and accurate 
a machine as could be produced for making tensile, compression, buckling, transverse, 


folding, shearing and cupping tests 


It consists of three parts: the tester itself, the pendulum load registering device and the 
hydraulic pump 


The testing machine consists of a strong cast iron base on which are mounted two well 
dimensioned uprights, on the upper part of which the cast iron head is fitted. This latter 
carries the pressure cylinder. A finely ground-in piston projects from this cylinder and trans 
its the pressure applied to the pressure head, from it to the upper gripping head by means 


: ; oftwoconnecting rods. The upper gripping 
* head is also built as a transverse test table 
and also carries the lower compression platen, 
TT TT thé upper one being set into the base of the 
nena cylinder. 
Li | This combined tensile and transverse 
ct “i table is guided by two rollers running in ball 
vai | } * bearings 
‘. TT — | Jo. u A scale mounted on the left upright in 
, Se ea weees a (ai dicates the distance between gripping heads 


desired 


* on 
IX very M7 and compression platens. These distances 
gay | cc normally 10” can be had in any larger size 
: | | } 
4 | 
} 


ES, aS The lower tensile gripping head can be 
( * >} 1 moved up and down by means of a spindle 
oy set into the base of the machine. It can be 
~ (Hf 
af Ne; raised or lowered by means of a hand crank 
AjL__ofebe __1 @ or by means of a motor driven worm drive 


The tensile gripping heads are of a oven 
construction which enables one to insert the 
test specimen from in front of the machine 
directly into its appointed position. It is 
therefore not necessary to move it up and 
down to locate it properly 

The pendulum load measuring device 
consists of a cast iron housing on which the 
pendulum is mounted. The pressure cre 
ated in the cylinder of the testing machine 
is brought to the pendulum by means of a 
small copper pipe connected with the measur 
ing cylinder, and in the latter a finely ground-in piston transmits it to the pendulum and the 
indicator hand of the dial 





In order to eliminate all lateral stresses in measuring the loads, an intermediate cylinder is 
provided, which is rotated by a separate motor drive 

The pendulum carries detachable weights at its lower end, so that by using all, part or none, 
one has three load ranges, i. e. full capacity, 14 and 1th or only 1/10th 


The hydraulic pump. This pump which is direct motor driven is of a novel design. It 1s 
of the multi-piston type and runs at about 100 strokes per second, so that its pulsations are 
completely lost and one has an absolutely even increment of load and working speed 


In this pump the volume of oil which is being compressed is regulated and this is done with- 
out valves 


The whole pump is immersed in the oil reservoir 


A tachometer is mounted on the stand and besides an electric starting switch one needs 
only to raise a lever to start a test, and to set this lever at the proper height when the desired 
working speed has been attained. 


This equipment can also be supplied with a device for holding the load constant over any 
given length of time and also with equipment for making alternating load or pulsating tests 
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New Vacuum Contact 


(Burgess Battery Company) 
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less than 10 ounces, ar sually 

is extremely slight. The circuit is 
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the total cost by the eliminatior 

been operated, at a rate of 10 times pe 


The Burgess vacuum contact is ¢ 











1320 watts, on continuous loa 
contr is therefore of the order “A 
the glass stem There is no spark 
ross the contact This device re 
irrents with safety, rapidity and , 
The nore tion of the vacuun 
slight pressure on the st bre 
mounting the tact with a press 
the pressure cause the circuit t 
method of operating the vacuum 
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The vacuum contact makes possible 
yntrol, with an absolute minimum 
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New Société Genevoise Micro- 
Indicator Stand 
(R. Wee Ferner Co.) 


NEW stand for inspection purposes is being placed on the market by the Société Ge 
voise d‘Instruments de Physique of Geneva, Switzerland This stand, to be know 


as U-3, is designed for use with their fan-shaped Micro-Indicator in which a knite-edg 


multiplication system 1s emp! yer 

















The stand has in OV il shaped ba ; i} proximately , if il | 714" v it its WI | t 
int and rests on 3 ru r fee The 
e and the other tron parts of the stat 
finishe rystalline juet \ 
Ket tegi v1 Dase 1 1c 
t the forward end which ts bored rat 
t t il ize to pr le for tl 
interchatr e mountir iffere 
t es K i il r ta les 
| ti lliustratiotr is } \ i ta 
} ] tl } ¢ T} 
8 lameter and 1s 1 wit 
if I est Ke it t NT1 
t t t-surt roont 1 
; the instrument t af 
ing ft i The 1 t 
instrument 1 in diameter is fitt 
Nit k r QuIcK istment r t 
em to the right height by u { St 
in tl m The pinion is mounted 1 
tric bearing for irate adjustment 
inion to engage the rack smoot 
\ ill t the rear of the 
I t lamp the arm securely when it 
{ et at ti proper heigl t The 
m 1 rting the micro-indicator 
isted through a range of 6” and since 
th is of the indicator is 3” from the 
' , . 
M indri part large as ( 
i l eter! iy i tested I thi t I | 
The micro-ndicator itself is mounte 
the arm through an adjustment ring on the 
pper part of the supporting arm By 
rotati f this ring the fine setting of the 
' 











micro-indicator the stand g 


“A readily accomplished. When the setting 
is made a special type of clamp secures the indicator hr ly in the arm without vertical shift 
The micro-indicators for use with these stands are supplied gr iduate 

: 1/10000 or 1/20000 inch per division, as desired, at have ample range t ver a wide range of 


tolerance. Adjustable tolerance marks are provided in these indicators so that rapid 1 
spection of parts can be carried out on tl tands or they car ised for very accurate 


comparisons of gages or parts for which the greatest precision 1s Gemanced 






When desired an adjustable square can be furnished as an accesso inds Th's 
| to serve as a stop piece against 


square 1S secured to the column and can be set at any height 





ie ven inv the taht Tost 

which the pieces being tested can be rolled or placed to | it them in the right position for 
he hich point 

measurements on all cylindrical parts, for example, at the hign point of a ter or at any 


other desired point on pieces of other shapes 


This stand with its optically flat table is adapted to the checking of cylindrical parts such 
as bushings, wrist pins, pistons or small ax] nall f ie 


drical gages, including Go and No-Go gages can be easily _ 
process of grinding 








) 


The stand is 1334” high and weighs 32 | 
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Stretch and Shrinkage Testing 
Apparatus 
(H. Z. Schniewind) 


HIS apparatus has been designed to measure the stretch 

of paper when moistened and its shrinkage when dried 
These properties are of importance for multi-color printing, 
since size and shape of the sheet between printings will 
always put the various colors out of register. Also the 
makers and users of map papers, monotype, music roll and 
cartridge papers etc. are often handicapped by such trouble- 
some changes. These can, however, be reduced to a minimum 
through selection of the proper pulp and through appropri- 
ate manufacturing methods. Therefore our new apparatus 
which enables the paper maker to determine and continu- 
ously supervise the effect of moisture upon stretch and 
shrinkage of paper during the manufacturing process is 
indispensable in the test-room of an up-to-date paper mill. 


The strip under test is secured between 2 clamps, the 


lower of which is fitted to the end of a rigid rdd permanently 
secured to the stand. The upper clamp is attached to a 
tension rod to which is fixed a thread passing over a pulley 
and carrying an adjustable weight. The upper clamp is 
also connected to the recording device which indicates the 
stretch or shrinkage. The stretch or shrinkage is indicated 
by a pointer which moves from its zero position, in the 
center between the 2 scales on the graduated quadrant, 
either to the right or to the left. Both scales are graduated 
to read from 0 to 5 mm. by 1/20 mm. The testing length 
of the strip is 100 mm. and the width 15mm. _Each division 
of the graduation is equal to 1/20% stretch or shrinkage. 


The strip is moistened by immersion in a beaker of water 
This beaker is carried on a movable support and can be 
conveniently lowered clear of the strip, or raised so as to 
immerse the latter 

Instead of the beaker of water, a container can also be 
used, through which a stream of moist or dry air is allowed 
LOUIS SCHOPPER to pass. The whole tester can also be enclosed in an at- 

LEIPZIC mosphere of known humidity 





New Measuring Microscopes 
(George Scherr Co.) 


HE Zeiss Works have recently placed on the market 2 new models of measuring micro- 
scopes, in both of which the microscope tube is traveled for obtaining the measurements, 
not the stage or work respectively. The smaller type, Model II (Fig. 1) has a range of 10 mm. 
the larger type, Model III (Fig. 2) has a range of 50mm. The micrometers of both sizes read 
directly in 1/100 mm 
Both sizes use the same microscope tube. The ocular is a’7x Huygens eye-piece with hair 
line cross, and by means of different objectives total magnifications of 14x, 21x, 42x and 56x 
are available 
In the Model II the stand is fork-shape, on which a removable plate rests 
which serves as table. The member which carries the slide and microscope 
tube is clamped to the stand and it is removable, so that it can be used in a 
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special fixture if desired The micro 
meter barrel is chroraium-plated to a dull 
finish, which greatly facilitates the read- 
ing, as it eliminates all glare 


In the Model III, the base of the stand 
is also fork-shape and arranged for re 
ceiving a Reflector for illumination from 


{ 
I 





1! 


below. The round column carries both 
the member with the slide and micros 
( tube as well as a special bracket 





h serves as table This can be 
swung out of the way and the slide with 
microscope tube can be removed from the 
column for use in a special fixture, where 
necessary 

On account of the fork-shape base, 
both the Models II and III can be placed 
directly on the work, wherever the work 
is too large to bring it to the table of the 
instrument 


The microscope serves for observing 
and measuring Brinnell impressions, 


scales, graduations, distances, etc 


In addition to the measuring micro 
scopes described, the Zeiss works have 
ilso brought out a plain microscope, 
Model I (Fig. 3). This is also available 


Fig. 1 with different magnifications 
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Elasticometer Spring Testing 
Machine, Type RS 2 


(Coats Machine Tool Co.) 


HE Elasticometer, type RS 2 works on knife-edges and has been designed to satisfy the 
demand for a machine particularly suitable for the quick inspection of light springs 
Since the machine has a maximum load capacity of only 5 lbs., the scale consists of a single 


lever in the ratio of 1:1. From the outer end of this beam or lever, the weight-carrier is 
suspended whereas the inner end 
supports a bar, guided in steel balls, 





a. which carries a compression plate or 


platform above and a tension hook 
to ' 

below. A pointer, directly fastened 
to the beam, completes the weigher 


i 
scale which latter is enclosed in a 


1 ar eRe af she 
housing, slideably arranged on the 
pillar of the machine and to which it 
may be clamped. Tension and com- 


pression tests are made by means of 
] ] 








slides. Adjustable stops limit the 
motion of these slides for quantity 
inspection. A water level is pr 
vided on top of the pillar indicating 
horizontal alignment of the tripod 
base 

Only the main. knife-edge is 


mounted in the Elasticometer when 

“CR ig RE REF Bs 
; _ ; 

remaining parts of the weigher 


: } 
mechanism are wra pped separately 














makes for easy accessibili permitt 
RARE IS Teh ae EB Noor eee 
ing periodic inspection and cleaning 
t the weighing ante Daath 





[ ¢ weight-carrier. Variations in 

ength are read in 1/16” on the vertical ler -d directly upon the pillar in such a 

way that the actual length of the spring compressed or elongated state is 

indicated. Movable tolerance markers a groove of the pillar whereas 

tolerance markers for weight are mounted close to the top of the fan-shape housing directly 
ve the scale over which the indicating hand slides 


Automatic Oscillograph 
(General Electric Company) 


’ ‘RANSIENT rbances on electric power systems, such as accidental short circuits 


sim ilar ae mena, are recorded automatically by a new oscillograph. The instru 

] 1 
ment provides definite information of magnitudes of current obtained during accidental short 
circuits, thereby afford a cl on short-circuit calculations, on the rupturing duty im- 





gs. The device also provides a continuous 





posed on circuit breakers, and relay settir 


check on relay operation. With the advent of high-speed switching and relaying, it provides 
the only precise means of keeping a continuous check on the actual speed of the relays and 
circuit breakers under operating conditions, and thereby the means for detecting and correct 
ing difficulties which may develop 





h was used during some staged syst em tests, 
oscille graphs. The automatic oscillograph 
which the standard Yo > eta 
the correlation between t the times of throw ing 


scillographs. The automatic oscill fapaeh 
































June, 1931 INSTRUMENTS Page 3¢ 





was installed later on an operating system, and many records of transient disturbances were 
obtained. 

The new oscillograph, designated as Type PM-13-A1, contains 6 oscillograp 
of standard construction, and makes a truly oscillographic record on sensitized paper 414’ 
wide. The unique feature of the instrument is in its ability to start the record in less than a 
half cycle. The instrument is designed for mounting either on a table in the usual way or on 
a switchboard panel in case it is desired to install it as a piece of permanent station equipment 
For this purpose the connection binding posts on the back are replaceable by studs which 
project through the panel for making connections to the back 


4 


} ] 


n gaivanometers 





wa 68 ke 


-BeSeeeeerr: 


‘PELeerrr & 
eeeerrre 














The record is made not on standard photographic film but on a special bromide paper ob 
tainable in 200-foot lengths, with the exposed and unexposed rolls of paper stored in 2 maga 
zines on top of the instrument. Indicators show the amount of paper in each magazine. 

The oscillograph operates automatically without attention until the 200 feet of paper have 
been exposed. Arrangements have been made, however, so that at any time and without 
disturbing the unexposed paper, the exposed portion may be cut off and developed so that a 
disturbance may be studied immediately after it has occurred. To correlate records with 
system disturbances, the instrument has contacts to give an indication by bell or annunciator 
each time it operates, and with a counter which counts the operations so that the station 
operator can note the date and time of each operation along with the record number, thereby 
identifying each record. 

The oscillograph is put into operation by neutral current. The starting relay starts the 
motor which drives the paper, and at the same time puts in motion a mirror arrangement by 
which the light beams are swept along the paper in a direction opposite to its motion during 
the period in which the paper is coming up to speed. By this means the record is started in 
less than a half cycle and, by properly correlating the motion of the mirror to the accelerating 
characteristics of the paper, a reasonably uniform time axis is obtained throughout the whole 
record. 

The film speed is approximately 12”/sec., so that 200 seconds of exposure can be obtained 
without changing the film. The oscillograph will run for predetermined times, adjustable 
from 2 seconds minimum to 20 seconds maximum. If at the end of the predetermined period 
of operation the disturbance which initated the operation of the oscillograph is still present on 
the system, the record will be continued without interruption for another similar period. A 
three-phase wattmeter element, available in case a record of power is desired, can be installed 
in place of two of the standard elements 

Light is furnished by a standard 6-volt, 32-candlepower automobile headlight lamp which 
burns continuously. Power for operating the lamp and for driving the motor can be obtained 
from a six-volt automobile storage battery that is floated continuously across a small battery 
charger whose output can be adjusted to exceed slightly the current required by the lamp 
In this way, the battery is kept continuously in readiness for operation, without attention 
except for a periodical inspection at intervals of two weeks 
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Ice Cream Over-run Auto-gage 
(Toledo Precision Devices, Inc.) 


HE Toledo ice cream over-run auto-gage is designed to show the percentage of mix 
displaced by air in the freezing oper ati in, using 1 pint sample of mix 
The cup on the auto-gage platte c is filled with unfrozen mix. The indicator will come to 
rest on or near one of the zeros on the ri ight hand side of the chart. Adjacent to this zero on 
the indicator will be shown the weight per 
gallon of the mix. Let us assume this to 
be 9.2 Ibs 
The top row of graduations on the chart 
shows the actual weight of the pint of mix, 
which in this case is slightly more than .15 
lbs. as shown by the indicator. The weight 
per gallon, 9.2 lbs., is made note of and the 
freezing operation is started 
Tests are made by filling the cup with 
frozen cream and placing it on the platter of 
(1 auto-gage. he percentage of overrun 
ill be indicated on the graduatedpercentage 
peer hay line adjacent to the line on the in 
dicator representing the weight per gallon 
Tests are continued until the desired per- 
centage of overrun is obtained when the 
freezing operation is completed. The over 
run for 9.2 lbs. per gallon of mix is 9914% 
This auto-gage will show the actual 
weight of 1 pint of mix in terms of 1/100 lb 
the — weight of 1 gallon of mix in terms 
of 1/10 lb.; the actual weight of 1 pint of 
frozen cream in terms of 1/100 lb.; the weight per be of frozen creams of 1/10 lb.; and the 


percent age of over-Tun. 

















Piston Ring and Valve Spring 
Auto-Gage 


(Toledo Precision Devices, Inc.) 

HE combination piston rit 8 and valve spring auto-gage is designed to compare the 
strength of piston rings and to gage the compression strength of valve springs of an en- 
gine. This device is for the use of automobile, airplane, piston ring, valve spring manufac- 
turers. and all makers and users of the small internal combustion engines whose high standards 

of uniformity for their products necessitate the most exacting tests 
Uniform piston ring pressure is of the 
utmost importance in keeping the cylinder 
wear down to a minimum and for preventing 
excessive piston ring blowing and oil pump- 
ing. If the ring is too stiff and exerts a 
greater pressure against the cylinder walls 
than that necessary for best performance, 
the rate of piston ring and cylinder wear will 
be increased. If the ring is too weak it will 
not form an effective seal between the com 
bustion chamber and the crank case. This 
causes dilution of the lubricating oil, exces- 
sive carbon formation and loss of power 





A proper strength in valve springs pro- 
longs the life of the valve cams, rollers, 
rocker arms and valve seats and maintains a 


better power balance. If the spring is too 
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stiff it requires a greater force to open it than is necessary, thereby causing faster 
wear on the above-mentioned parts. If the spring is too weak there is danger of the valve 
holding open, thereby increasing the possiblity of burning the valve seats with consequent loss 
of power. If the spring is weak enough to allow the roller to leave the cam, the compression 
pressure will cause the valve to close suddenly and come against the seat with a hard impact, 
causing noise and excessive wear. Too weak a spring will also allow the admission valve to 
hold open too long at high speeds causing misfiring and backfiring in the admission manifold 

The auto-gage is adjustable to any size piston ring. When the ring is in place and the 
lever compressed, the resistance of the piston ring is read directly from the chart using the 
bottom black figures. 

To gage a valve spring, slip the spring over the removable spindle after the proper adjust 
ments have been made and bring the long handle down against the stop. The compression 
strength of the spring is then read directly from the red upper line of figures on the chart 

This machine is designed for use in connection with the testing of piston rings and valve 
springs which are generally used in the automotive and airplane industries. It is also adapt 
able for other similar uses 


The Most Powerful X-Ray Tube 


‘RAYS at 900,000 volts—the highest voltage ever attained in a tube built for continuous 

operation—are produced in the large two-section x-ray tube which has been built in 
the Research Laboratory of the General Electric Company, Schenectady, by Dr. W. D 
Coolidge, associate director of the laboratory 

















Upper left hand photograph shows the tube with the cathode end in the foreground. The 
900,000-volt induction coil, supplied by 1100 volts, is within the cylinder in the foreground 
The sphere gap, regulating the voltage, is above. In the lower of the 2 brass spheres are 
the storage batteries for heating the filament, or hot cathode, of the tube. 

Upper right hand photograph shows the tube with the target in the foreground, at the 
extreme right. The target is surrounded by a lead cylinder, one inch thick. 

Lower left hand photograph shows casette, or x-ray film holder, in front of which are 3 
gears tointercept the x-rays. (The gears are resting on a block of wood, which does not stop 
the x-rays). In front of the target of the tube have been placed many large discs of iron, to a, 
total of four inches in thickness. 

Lower right hand photograph shows the casette in place before the x-ray target, ready for 
a radiograph through the 4 inchés of iron. 
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ABRASION TESTERS 
Atlas Electric Devices 


ACCELERATED TESTING CAB- 
INETS 


Co 


Atlas Electric Devices Co 

ACIDITY RECORDERS 
Leeds & Northrup Co 

ACOUSTIMETERS 
Burgess-Parr Co. 

AIR FLOW INDICATOR 
Brown Instrument Co. 
Foxboro Co. 

Meriam Co. 

AIR METERS 
Foxboro Company 
Meriam Co. 

Taylor Instrument Cos. 


ALIDADES 


ALTIMETERS ‘ 
Tagliabue Mfg. Co., C. J. 
AMMETERS— Indicating 
General Radio C 
Jewell Electrical Instrument Co. 
Rawson Elect. Inst. Co. 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
Tagliabue Mfg. Co., 
ANEMOMETERS 
Bristol Co. 
Taylor Instrument Companies 


ae TESTING EQUIP- 


Westinghouse Elec. & Mfg. Co. 
Weston Elec. Inst. Corp. 


ASPHALT TESTING APPA- 
ATU: 


Tagliabue Mfg. Co., C. J. 


ATTENUATION NETWORKS 
General Radio Company 
Rubicon Company 


AUDIO-FREQUENCY OSCIL- 
LATORS 


oe 


General Radio Company 
BALANCES 
Alfred Suter 
BAROMETERS—Aneroid, Mer- 
curial, Recording 
Bristol Company 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
BEARING TESTERS 
Burgess-Parr Co. 
BOARDS: INSTRUMENTS 
Foxboro Co. 
BRAKE TESTING METER 
eter ELECTRICAL 
Inductance Conductivity, Hoopes, 
uctance, Kelvin, Resistance, 





ay. “Bea Co. 
Leeds & Northrup Co. 
Rubicon Company 


INSTRU ME NTS 


Give complete information of requirements. 





write Information 








CABLE TESTERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co 
Rubicon Company 


CALORIMETERS 

Peroxide, Oxygen Bomb 
Burgess-Parr Co. 
Gaertner Scientific Co. 


CAPACITANCE METERS 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Elec. Inst. Corp 


CARBON DIOXIDE METERS 
Brown Instrument Co. 
Foxboro Co. 

Leeds & Northrup wr. 
Tagliabue Mfg. Co., C. - 


Cc a MONOXIDE MET- 


Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J. 


CATHETOMETERS 
>rner Co 
Gisae Scientific Corp 


CEMENT _ TESTING INSTRU- 
MENTS 


Alfred Suter 
Cerone 


erner Co 
ee Scientific Corp 
Leeds & Northrup Co. 


CORCHIOMETERS 


Ferner Co 


Be Sa Mfg. Co., C. J 
CLOCKS—Gage Board 


Brown Instrument Co 
Bristol Company 
Foxboro Co 


CLOUD & POUR TEST APPA.- 
RATUS 
Tagliabue Mfg. Co., C. J 
COILS 


Resistance, pepe. Special. 
General Radio € 
Leeds & iauheen Co. 
Rubicon Company 


COIL TESTING EQUIPMENTS 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 


COLOR TESTER 
Atlas Electric Devices Co 
COLORIMETERS 
Atlas Electric Devices Co 
Spencer Lens Co. 
Tagliabue Mfg. Co., C. J. 
COMBUSTION CONTROL 
EQUIPMENT 
Automatic Temp. Control Co., 
Brown Instrument Co. 
Illinois Testing Labs., Inc 
Leeds & Northrup Co. 
COMMUNICATION — MEAS- 
URING INSTRUMENTS 
General Radio Company 


COMPASS 


Taylor Instrument Companies 


COMPAR AT aNS 
C. Ames Co 
ake Products Corp 


RY 







erner Co 
Gaertner Scientific Corp 


CONDENSER LEAKAGE RE- 
CORDERS 
Leeds & Northrup Co 


CONDENSERS—Electrical 
General Radio Co 
Leeds & Northrup Co 
Rubicon Company 


CONDUCTIVITY METERS 

Indicating, Recordin, Controlling 
Leeds & Northrup Co 
Rubicon Company 


=o RECORD- 
ERS 


Leed & Northrup Co 


CONSTANT SPEED & FRE- 
QUENCY SETS 
Leeds & Northrup Co 


CONTOUR MEASURING PRO- 
JECTOR 


Bausch & Lomb Optical Co 


CONTROLS, AUTOMATIC 


Condensation 
Tagliabue Mfg. Co., C. J 


Damper 
Automatic 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Leeds & Northrup Co 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., ¢ 


Temp. Control Co 


Demand Pressure 
Foxboro Company 


Feed Water 
Brown Instrument 
Foxboro Co 
Meriam Co 


Co 


Filter Rate 
Pot we Instrument Co 
Foxboro Co 
Meriam Co 


Flow 
Automatic Temp. ¢ 
Brown Instrument 
Foxboro Co 
Meriam Co, 


Gravity 
Tagliabue Mfg. Co., ¢ J 


Humidity 

Bristol Company 
Brown Instrument Co 
Foxboro Co 
Claud S. Gordon 
Leeds & Northrup Co 
agliabue Mfg. Co., ¢ J 
Taylor Instrument Companies 


ontro!l Co 
° 
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Humidity & Temperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Claud S. Gordon Co 
IIlinois Testing Labs., Inc. 
Leeds & Northrup Co. 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C 
Taylor Instrument Companies 
Liquid Level - 
Automatic Temp. Control Co 
Bristol Company _ 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon Co 
IHinois Testing Labs., Inc 
Meriam Co 
Tagliabue Mfg. Co., C. J. 


Pressure & Vacuum 
Automatic Temp. Control Co 
Bristol Company 

rown Instrument Co. 

Foxboro Co 
Claud S. Gordon Co 
Meriam Co. 
Minneapolis-Honeywell Co 
Tagliabue Mfg. Co 
Taylor Instrument C ompanies 


Pyrometer 
Bristol Company 
Brown Instrument Co 
Claud S$. Gordon Co 
Illinois Testing Labs., Inc 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Rate-Volume 
Foxboro Co 


Refrigeration 
Automatic Temp. Control Co 
Bristol Co 
Brown Instrument Co. 
Leeds & Northrup Co. 
Taylor Instrument Cos P 
Westinghouse Elec. & Mfg. Co 
Special 
Automatic Temp. Control Co 
Leeds & Northrup Co. 
Minneapolis-Honeywell Co 
Rubicon Company 


Tachometer 
Brown Instrument Co 
Foxboro Co 
Claud S$. Gordon Co 
Weston Elec. Inst. Corp 

Temperature-Time 
Automatic Temp. Contro! Co 
Bristol Co. y 
Brown Instrument Co 
Foxboro : a 
Claud S$. Gordon Co 
Illinois Testing Labs., Inc 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 


Taylor Instrument Cos 


Thermometer 
Bristol Company 
Brown Instrument Co 
Foxboro Co ‘ 
Cleud $. Gordon Co 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Thermostat 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Claud S. Gordon Co 
Minneapolis-Honeywell Co 
Taylor Instrument Companies 
Westinghouse Elec. & Mfg. Co 
Thickness Z 
Esterline-Angus Company 


Time 

Automatic Temp. Control Co 

Bristo! Co. 

Brown Instrument Co 

Foxboro Co 

Claud S. Gordon Co 

Ilinois Testing Labs., Inc. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos 
Unit Heater 

Minneapolis-Honeywell Co 
Vacuum 

Bristol Company 

Brown Instrument Co 

Foxboro Ce 

Claud S. Gordon Co 

Meriam Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Cés 
Valve—Motor Operated 

Automatic Temp. Control Co 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Claud S. Gordon Co. 

Minneapolis-Honeywell Co 

Taglisbue Mfg. Co., C. J. 

Taylor Instrument Companies 
Water Level 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 
CONVERTERS 

Bodine Electric Co. 
COORINATOGRAPHS 
COUNTERS—Revolution 

Amthor Testing Inst. Co. 

Bristol Company 

Brown Instrument Co. 
Stroke 

Bristol Company 
COUPLING TRANSFORMERS 

General Radio Company 
CURRENT RECORDERS 

Bristol Company 

Leeds & Northrup Co. 
CURRENT REGULATORS 

Westinghouse Elec. & Mfg. Co. 
CYCLE COUNTERS 

General Radio Co. 
CYLINDERS-GRADUATED 

Tagliabue Mfg. Co., C. J 


DECELEROMETER 


DEFORMETER (Beggs) “ 
Southwark Fdy. & Mach. Co. 


DEMAND METERS 
as 
Foxboro Company 

Electric : 
Westinghouse Elec. & Mfg. Co. 


DENSITOMETERS 
DENSOMETERS 


DIVIDING HEAD 
Optical 
Bausch & Lomb Optical Co. 


DIVIDING MACHINES 
Y. Ferner Co 
Geertner Scientific Corp. 


DRAFT GAGES—see Gages 
DYNAMIC BALANCING 
EQUIPMENT 
Alfred Suter 


DYNAMOTORS 
Bodine Electric Co. 


EARTH CURRENT METERS 


Rawson Elec. Inst. Co. 


ELECTRIC TELEMETER 
Southwark Fdry. & Mach. Co. 


ELECTRIC WAVE FILTER SEC 
TIONS 


General Radio Company 
ELECTROMETERS 


Rubicon Co. 


EMPLOYEES' “IN AND OUT" 
TIME RECORDERS 


ENGINE INDICATORS 
Southwark Fdry. & Mach. Co. 


EXTENSOMETER 
Southwark Fdry. & Mach. Co 
Alfred Suter 


FADE-OMETER 
Atlas Electric Devices Co. 
FATIGUE TESTERS 
Atlas Electric Devices Co. 
Southwark Fdry. & Mach. Co 
Alfred Suter 
FAULT FINDERS 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Compeny 
Weston Electrical Inst. Corp 
FLASH & BURNING POINT 
TESTERS 


Tagliabue Mfg. Co., C. J. 
Taylor Instrument Cos. 
FLOW METERS 
rown Instrument Co. 
Foxboro Co. 
Meriam Co 
FLUXMETERS 
Leeds & Northrup Co 
Rawson Electrical Instr. Co. 


FOLDING TESTER 
FRACTIONAL HORSEPOWER 
MOTORS 


Bodine Electric Co. 
FREEZING CABINET 


Atlas Electric Devices Co 
FREQUENCY METERS 


Indicating 
Jewell Electric Instrument Co 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 
Weston Elec. Inst. Corp 
Controlling 
Leeds & Northrup Co 
Recording 
Bristol Company 
Leeds & Northrup Co 
Standards 
General Radio Co. 
FUEL ANALYSIS APPARATUS 
Burgess-Parr Co. 
FUEL FLOW INDICATOR 


FURNACE CONTROLS 
Automatic Temp. Control Co 
Leeds & Northrup Co. 

Taylor Instrument Cos 


FUSES 
Instrument 
Littlefuse Laboratories 
GAGE RODS f 
Tagliabue Mfg. Co., C. J 


GAGE TESTING OUTFITS 
Amthor Testing Inst. Co. 


GAGES 
Absolute Pressure 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Amplifying 
B. C. Ames Co 
Federal Products Corp. 
R. Y. Ferner Co 
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« Toe JAMES NO. Bausch & Lomb Optical Co. MEN’ 
Federal Prod “orp. 
‘, Sg toh es Corp Rain Alfred Suter 
Sulleden Taylor Instrument Companies ee aint Hy gd 
8. C. Ames Co. Recording—Distance pa ad: mage Mach Co. 
Federal Products Corp. — cand Cc Alfred Suter j 
R. Y. Ferner Co Claud S. Gordon Go HARMONIC ANALYZERS 
font ieee a ek ee Taylor Instrument Cos. Leeds & Northrup Co. 
Pe F Strain HELIOSTATS 
7. oe Southwark Fdry. & Mach. Co Gaertner Scientific Corp. 


Brown Instrument Co. 

Federal Products Co. 

Foxboro Company 
Dial 

B. C. Ames Co. 

Federal Products Corp. 

R. Y. Ferner Co 


Differential Pressure 
rown «je Co. 

Foxboro 

Claud S. a Co. 

Meriam Co. 

Tagliabue Mfg. Co., C 
Draft 

Amthor Testing Inst. Co. 

Bristol Company 

Brown ae Co. 

Foxboro 

Claud S. Gordon: oo. 

Meriam Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Drill 

Bausch & Lomb Optical Co 
Grinding 

Federel Products Corp. 


Liquid Level 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Iinois Testing Labs., Inc 
eriam oo. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Loss of Head 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
Pitch Diameter 
Federal Products Corp 
R. Y. Ferner Co 
Pocket 
Anmthor Testing Inst. Co. 
Federal Products Corp. 
Pressure 
Bristol Company 
Brown oe Co 
Foxboro 
Claud S. Couiten Co 
Leeds & Northrup Co 
Meriam 
Alfred Suter 
Tagliabue Mfg. Co., C. J 


Taylor Instrument Companies 
Pressure-Temperature 


ristol Company 
rown Instrument Co. 
Foxboro Co. 


Claud S. Gordon Co. 

Illinois Testing Labs., Inc. 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos. 
Pressure & Vacuum 

Bristol Company 

Brown + “oe Co. 

Foxboro 

Claud S. Gorden Co. 

Meriam Co. 

Tagliabue Mfg. Co., C. J. 


Taylor Instrument Companies 





Alfred Suter 


Tester 
Southwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co 
Amthor Testing Inst. Co 
Federal Products Corp 
R. Y. Ferner Co 
Volume 
Brown Instrument Co 
Foxboro Co. 
Meriam Co 
Water Level for Boilers 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Wind 
Bristol Co 
Brown Instrument Co 
Taylor Instrument Companies 
GALVANOMETERS 
Brown Instrument Co 
General Radio Co 
Claud S. Gordon Co 
Mlinois Testing Labs., Inc. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 
GAS ANALYTICAL METERS 
Chemical 
Tagliabue Mfg. Co., C. J 
Electrical 


Brown Instrument Co 

Leeds & Northrup Co 
GAS LEAK INDICATORS 

Taylor Instrument Companies 
GASOLINE METERS 

Buffalo Meter Co. 
GAS-METERS 

Brown Instrument Co 


Foxboro Co. 
Meriam Co. 


GASOMETERS 
GEOPHYSICAL 
INSTRUMENTS 
GOVERNORS 
Laboratory Dry & Wet Gas 


Pressure 
Bristol Company 
Brown Instrument Co 
Tagliabue Mfg. Co., C. J 


Pump ‘ 
Tagliabue Mfg. Co., C. J 
GLASS STRAIN TESTERS 
GREASE TESTING APPARA- 
TUS 


Tagliabue Mfg. Co., C. J 


GROUND DETECTORS 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 


GROUND-OHMER 
Leeds & Northrup Co. 


HIGH FREQUENCY APPA- 
RATUS 


Rubicon Company _ 
Weston Elec. Inst. Corp 


HIGH VOLTAGE 
Fuses 
Littelfuse Laboratories 
Indicators ; 
Weston Elec. Inst. Corp. 
Measuring Devices : 
Westinghouse Elec. & Mfg. Co 
Weston Elec. Inst. Corp 
Testing Devices a 
Westinghouse Elec. & Mfg. Co 
HUMIDITY CONTROLLERS 
Bristol C ompany 
Foxboro Co 
Taylor Instrument Cos. 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating m 
Leeds & Northrup Co. 
Rubicon Company 
Controlling, Recording 
Leeds & Northrup Co. 
HYDROMETERS - 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYGROMETERS 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
IMPACT HARDNESS TESTER 
Altred Suter 
IMPACT TESTING MACHINES 
Alfred Suter 
Alternating 
INDICATORS—See Gages 


INDUCTANCES 
General Radio Co 
Leeds & Northrup Co 
Rubicon Company 


area Se ARON 


Amthor Testing od Co 

Claud S. Gordon Co 

Jewell Electrical Instrument Co 
Rubicon Company 

Weston Elec. Inst. Corp 


INSTRUMENT FUSES 


Littlefuse Laboratories 


INSTRUMENT OILS 
William F, Nye, Inc. 


aoe tae TRANSFORM- 
Jewell Electrical Instrument Co 


Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 
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INSULATION TESTING EQUIP- 
MENT 


Leeds & Northrup Co 
Rubicon Company . 
Westinghouse Elec. & Mfg. Co 


INTEGRAPHS & INTEGRA- 
TORS 


Leeds & Northrup Co. 
INTERFEROMETERS 


aertner Scientific Corp 


INVERTED CONVERTERS 
Bodine Electric Co. 

JOB TIMING RECORDERS 

KEYS AND SWITCHES 


General Radio Co 
Leeds & Northrup Co 
Rubicon Company 


KILNBOY | 
Foxboro Co 
KILOVOLT AMPERE METERS 


KLYDONOGRAPHS 
Westinghouse Elec. & Mfg. Co 


mater tA WASHING 
MACHINES 
Atlas oe ric Devices Co 


LACTOMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 


LAUNDER-OMETER 


Atlas Electric Devices Ce 
LENGTH MEASURING MA- 
CHINES 
R. Y. Ferner Co 


Gaertner Scientific Corp 
LEVELS 
Centering 
Bowach & Lomb Optical Co 
Y. Ferner Co 
meg Wye, Precision, Prism 
R. Y. Ferner Co 


Taylor Instrument Companies 


LIQUID METERS 


Buffalo Meter Co 


LOCOMOTIVE INDICATORS 
LUSTER METERS 
MACHINE OILS 
William F. Nye, Inc 
MAGNETOMETERS 
Rubicon Company 
MANOMETERS 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
Alfred Suter 
MASTER CLOCKS _ 
aertner Scientific Corp 
MEGOHMMETERS 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co. 
Rubicon Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co. 
Weston Electrical Inst. Corp 
MELTINGPOINT APPARATUS 
Claud S. Gordon Co 
Tagliabue Mfg. Co., C. J 
METER PROVERS, Gas 
METER TESTERS, Gas 
MICROMETERS 
Amthor Testing Inst. Co. 
R. Y. Ferner Co 
Gaertner Scientific Corp. 
MICROAMMETERS 
Jewell Electrica! Instrument Co 
Rawson Electrical! Instrument Co. 
Weston Electrical Inst. Corp 
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MICROFARADMETERS 
General Radio Co 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rubicon Company : 
Weston Electrical Inst. Corp. 
MICRO PYROMETERS 
MICROSCOPES 
Brinell 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
Claud S. Gordon Co. 
pencer Lens Co 
Alfred Suter 
Measuring 
R. Y. Ferner Ce 
Metallographic : 
Bausch & Lomb Optical Co 
Claud S. Gordon Co 
Soencer Lens Co. 
Petrographical z : 
Bausch & Lomb Optical Co 
Spencer Lens Co 
Toolmakers’ : 
Bausch & Lomb Optical Co 
Geertner Scientific Corp. 
Spencer Lens Co. 
MICROTOMES ; 
Bausch & Lomb Optical Co. 
Spencer Lens Co. 
MILLIAMMETERS 
General Radio Co 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 


MILLIVOLTMETERS 
Bristol Company 
Brown Instrument Co 
INinois Testing Labs., Inc 
Jeweil Electrical Instrument Co 
Rawson Electrical Instrument Co 
Taylor Instrument Companies 
Weston Electrical Inst. Corr 


MOTOR RADIATOR VALVES 


Minneapolis-Honeywell Co 
MOTION RECORDERS 
Mechanical 


Bristol Company 
Foxboro Co 


MOTORS 
Bodine Electric Co 


MOTOR GENERATOR SETS 
Bodine Electric Co. 


MULTIMETERS 


Rawson Electrical Instrument Co 


MULTIPLIERS y 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Weston Electrical Inst. Corp 


NEON FILLED TUBES 
NEPHELOMETERS 


Spencer Lens Co. 


OHM METERS 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rawson Electrical Instrument Co 
Rubicon Company 
Weston Electrical Inst. Corp 
OILS 
William F. Nye, Inc. 


OIL METERS 
Buffalo Meter Co. _ 
Claud S. Gordon Co 

OIL TESTING APPARATUS 
Atlas Electric Devices 9 
Tagliabue Mfg. Co., C. 
Taylor or ten byt 
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OPERATION RECORDERS 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J. 


ORIFICE METERS 
Brown Instrument Co. 
Foxboro Co. 

Meriam Co. 
ORSAT APPARATUS 
OSCILLOGRAPHS 


General Radio Co 
Westinghouse Elec. & Mfg. Co 
OXYGEN RECORDERS 
& Northrup Co 
lealisbue Mfg. Co., C. J 


PAINT TESTING INSTRU- 
MENTS 
Atlas El 
PANTOGRAPHS 
Gaertner Scientific Corp 


PAPER TESTING INSTRU- 
MENTS 


Atlas Electric Devices Co 


PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup Co. 

Rubicon Company 
PAPERTESTINGINSTRUMENTS 

Amthor Testing Inst. Co 

Spencer Lens Co 
PERISCOPES 

Bausch & Lomb Optical Co 

Gaertner Scientific Corp. 
PHASE INDICATOR 

Westinghouse Elec. & Mfg. Co 
PHASE SEQUENCE INDICA- 

TOR 


-eds 


ectric Devices Co 


PHONOGRAPH TURN- 
TABLES, Electric 
Bodine Electric Co. 
PHOTOELECTRIC COLOR 
ANALYZERS 
PHOTOELECTRIC COLOR 
COMPARATOR 
PHOTO-ELECTRIC TUBES | 
Westinghouse Elec. & Mfg. Co 
PHOTOMETERS 
Geertner Scientific Corp. 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co. 
hit acl MA- 


Amber ie Inst. Co 
Atlas Electric Devices Co. 
Claud S. Gordon Co. 

ou yg Fdry. & Mach Co 


A. Sut 
PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Foxboro Company 
Linear : 
Brown Instrument Co. 
Radial 
Bristol Company 
Foxboro Co. 
Square Root 
Foxboro Co. 
POLARISCOPES 
Gaertner Scientific Corp. 
POSITION RECORDERS 
Bristol Company 
Foxboro Co. 




















POTENTIAL DETECTORS 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 


POTENTIOMETERS 
rown Instrument Co 
Claud S. Gordon Co 
Leeds & Northrup Co 
Rubicon Company 
Recording & Controlling 
Ciaud S. Gordon Co 
Leeds & Northrup Co 


POWER FACTOR METERS 
Jewell Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 


POWER FACTOR REGULA- 
TORS 


Indicating 


Westinghouse Elec. & Mfg. Co 


PRESSURE RECORDERS 
Bristol Co. 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 


PROCESS TIMING AND SIG- 
NALING INSTRUMENTS 


Bristol Company 


PROGRAM INSTRUMENTS 
Automatic Temp. Control Co 
Leeds & Northrup Co 


PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
Spencer Lens Co. 


PROTRACTOR 
Optical 
Bausch & Lomb Opticai Co 
PSYCHROMETER 
Recording 
Bristol Company 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Sling 
Taylor Instrument Companies 
PYROMETERS 
Optical 
Claud S. Gordon Co 
Leeds & Northrup Co 
Radiation 
Indicating 
Brown Instrument Co 
Claud S. Gordon Co 
Leeds & Northrup Co 
Taylor Instrument Companies 
Recording 
Brown Instrument Co 
Leeds & Northrup Co 
Taylor Instrument Compan.e 
Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co 
Claud S. Gordon Co 
{linois Testing Labs., Inc. 
Leeds & Northrup Co 
Taylor Instrument Companie 
Indicating 
Bristol Company 
Brown Instrument Co. 
Claud S. Gordon Co 
Illinois Testing Labs., 
Leeds & Northrup Co 
Taylor Instrument Companie 
Westinghouse Elec. & Mfg. Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Claud S. Gordon Co. 
Leeds & Northrup Co 
Taylor Instrument Companies 


Inc. 





INSTRUMENTS 


Surface Contact 


Bristol Company 
Brown Instrument ‘ 
Claud S. Gordon ‘ 


Illinois Testing Labs., Inc 
Leeds & Northrup ( 


Taylor Instrument Companies 
RADIO FREQUENCY OSCIL- 
LATORS 


Genera! Radio Company 
Jewell Electrical Inst. 


RADIO SET ANALYZERS 
General Radio Company 
Jewell Electrical Instrument ‘ 
Weston Electrical Inst. ( 


RADIO TUBE CHECKERS 
General Radio Company 
Jewell Electrical 
Weston Electrical Inst. Corr 

RADIO TEST PANEL 
Jewell Electrical Instrument Co 
Rubicon Company 
Weston Electrical Inst. Corp 

REFRACTOMETERS 
Bausch & Lomb Optical Co 
Spencer Lens Co 


REGUL ATORS~—See Controls 
RELAYS 


General Radio Co 

Claud S. Gordon Co 

Jewell Electrical Instrument Co 
Minneapolis-Honeywell C« 
Westinghouse Elec. & Mfg. ¢ 
Weston Electrical Inst. Corp 


REMOTE METERING EQUIP- 
MENT 


i 
Instrument ¢ 


Bristol Company 
Brown Instrument Co 
General Electric ¢ 
Leeds & Northrup Co 
Westinghouse Elec. & 
RESIST ANCE—€lectrical 
General Radio Ce 
Leeds & Northrup ‘ 
Rubicon Company 
Spencer Lens Co 
RHEOSTATS 
General Radio Co 
Rubicon Company 
Spencer Lens Co. 


ROTOSCOPE 
RUBBER TESTING 
MENTS 


MAfa ( 


INSTRU- 


SACCHARIMETERS 
Bausch & Lomb Optical Co. 
Spencer Lens Co 
Tavlor Instrument Companies 


SACCHAROMETERS 
Tagliabue Mfg. Co., ¢ J 


SALINITY INDICATORS 
Leeds & Northrup Co 
Rubicon Company 


SCALES 
Amthor Testing Instrument Co. 
Gaertner Scientific Corp 


Alfred Suter 


SCRATCH HARDNESS TESTER 
as i Oty ang 
Y. Ferner Co 
SERVICE RECORDERS 
aah ood METERS 
Bristol Co 


SHUNTS 
Jewell Electrical Instrument ¢ 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical Inst. Corp 


Pege 2 


SIGNALING DEVICES — Auto- 
matic 
Brown Instrument Co 
Leeds & Northrup Co 


Rubicon Company 


SLIDE RULES 
SLOW SPEED MOTORS 
Bodine Electric Co 


SMOKE INDICATORS & RE- 
CORDERS 

Leeds & Northrup Co 

Westinghouse Elec. & 


SOIL PRESSURE CELLS 


SPECIAL INSTRUMENTS 
Amthor Testing Inst. Co 
Burgess-Parr Co. 
Meriam Co 


SPECIAL ELECTRICAL INSTRU- 
MENTS 


MAE 


g. Co 


Atlas Electric Devices Co 
Bristol Co. 
Brown Instrument Co 

seneral Radio Co 
Ilinois Testing Labs., Inc 
Jewell Electrical Instrument ( 
Leeds & Northrup Co 
Rawson Electrical Instrument Co 
Rubicon Company 
Weston Electrical 


“—- RECORDING DE 
CES 


Inst. ¢ orp 


sPECIC GRAVITY APPARA- 


Gas 
SPECTROGRAPHS 
R. Y. Ferner ¢ 
Geertner Scientific Corp 
al serHe or 5 pw 
wg Sache Yptical Ce 
R° y Fe ( 


Gaer nie Scientific Corr 
Spencer Lens Co. 
SPECTROPHOTOMETERS 
Bausch & Lomb Optical Co 
Geertner - 


SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Amthor Testing Inst. Co 
Brown Instrument Co. 
Leeds & Northrup Co 
STANDARD CELLS 
Weston Electrical Inst. Corp 
STEEL TAPES 
7, WATCHES 
erner ( 


STRAIN GAGE 
uthwark Fdry o 
Alfred Suter 
STRESS INDICATOR 
STROBOSCOPES 
SULPHUR DIOXIDE METERS 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co 
Tagliabue Mfg. Co., C. J 
SUNSHINE RECORDERS 
Leeds & Northrup Co 
Taylor Instrument Companies 


SURGE RECORDERS 


SYNCHRONIZING 
Electrical 
General Radio Co 
Leeds & Northrup Co 


cientific Cort 


Mach. Co 


FORKS 
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SYNCHRONOUS MOTORS 
Bodine Electric Co. 


TACHOSCOPES 
Amthor Testing Inst. Co 
Brown Instrument Co. 


TACHOMETERS 
Amthor Testing Instrument Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 


TELESCOPES 
seme & Lomb Optical Co 
Y. Ferner Co 
Sone Scientific Corp. 
TENSILE TESTERS FOR PAPER 
WIRE, SHEETS, : 
Anmthor Testing Instrument Co. 


Alfred Suter 


TENSOMETER (Huggenberger) 
Southwark Fdry. & Mach. Co. 


TESTERS, Gas 


TESTING MACHINE 
Portable—Tensile—Compression 
Southwark Fdry. & Mach. Co. 
Universal 
Amthor Testing Inst. Co. 
Claud S. Gordon Co. 
Southwark Fdry. & Mach. Co 
A. Suter 


TEXTILE TESTING IN- 
STRUMENTS 


Atlas Electric Devices Co. 
uter 


THEODOLITES 
THERMO. ee) 


General Radio 
Rawson Electrical en Co. 


THERMOMETERS 
Gas Filled 


Bristol Company 

Brown Instrument Co. 
Foxboro Co. 

Claud S. Gordon 
Tagliabue Mfg. Co., C. J. 


Taylor Instrument Companies 


Mechanical 
Brown ~ ee Co. 
Foxboro 


Tagliabue Mf. aE ep f 


Mercurial 
Bristol Co. 
Claud S. Gordon Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Resistance 
Brown Instrument Co. 
Claud S. Gordon Co 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co. 


Vapor-iension 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon Co. 
Taglieabue Mfg. Co., C. J 
Taylor Instrument Companies 


Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon Co. —__ 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co J 
Taylor Instrument Companies 


a RECORD- 


Bristol Company 
Foxboro Co. 
Claud S. Gordon Co 
Tagliabue Mfg. Co., C. J. 
TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Gaertner Scientific Corp. 
Claud S. Gordon Co. 
Foxboro Co. 
TIME SWITCHES 
Claud S. Gordon Co. 
Westinghouse Elec. & Mfg. Co. 
TIMERS 
Automatic Temp. Control Co. 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co. 
Rubicon Company 
TINTOMETER 
TORSIOGRAPH 
TORSION MACHINES 
Alfred Suter 
hea 2S ee POINT 


Brown Instrument Co. 
Leeds & Northrup Co. 

TRANSFORMERS 
General Radio Co. 

Weston Electrical Inst. Co. 
TRANSITS 
Engineer's, Surveyors, Mine 
Gaertner Scientific Corp. 
Pocket 

Taylor Instrument Companies 

TUNING FORKS—Electrically 
Driven 

General Radio Co. 

Gaertner Scientific Corp. 
Leeds & Northrup Co. 
Rubicon Company 

TURBIDIMETERS 
Burgess-Parr : 

U-TUBE MANOMETERS 
Amthor Testing Inst. Co. 
Meriam Co. 

VACUUM RECORDERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos. 

VACUUM TUBE BRIDGES 
General Radio Company 


VALVES 
Automatic Shut Off 
Automatic Temp. Control Co. 
Bristol Company 
Brown — Co. 
Foxboro 
Claud S. Gordon Co. 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co e 
Taylor Instrument Cos. 
Balanced 
Automatic Temp. Control Co. 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon Co. 
Diaphragm 
Bristol Conpeny 
Foxboro 
Claud S Gaiden Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Electrically Operated 
Automatic Temp. Control Co 
Bristol Company 
Brown Instrument Co. 

Claud S. Gordon Co. 


Minneapolis-Honeywell Co 


Reducing 
Claud S. Gordon Co. 
Tagliabue Mfg. Co., C. J 
Regulating 
Automatic Temp. Control Co. 
Bristol Co 
Brown ~~ oe Co. 
Foxboro 
Claud S. ides Co. 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co 
Taylor Instrument Companies 
Safety, Fuel Shut-off 
Claud S. Gordon Co. 
Minneapolis- Ae it at Co. 
Tagliabue Mfg. Co., C. J. 


VENTURI METERS 
Brown Instrument Co. 
Foxboro Co. 


VIBROGRAPH 
VIBROSCOPE 


VISCOSIMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


VISCOSITY TUBES 
VOLTAGE DIVIDERS 


General Radio Co. 
Rubicon Company 


VOLT-AMMETERS 
Jewell Electrical! nstrument Co 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 


VOLTMETERS 
Indicating 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co 
Rawson Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 
Thermionic, Oxide a 
General Radio 


WATER METERS 
Foxboro Co. 


WATER METERS—Hot and Cold 
Buffalo Meter Co. 


WATER & SEDIMENT APPA- 
TUS 


A 
Tagliabue Mfg. Co., C. J. 


WATTHOUR METERS 
Westinghouse Elec. & Mfg. Co 


WATTMETERS 
Indicating 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
WAVEMETERS 
General Radio Co. 
WAX MELTING APPARATUS 
Tagliabue Mfg. Co i 
WEAR-OMETER 
Atlas Electric Devices Co. 
WEATHER-OMETER 
Atlas Electric Devices Co. 





—— 
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The Re-designed 7vcos 
bet: OR Pyrometer Control 


yA iv 16 fl 


EW Construction that em- 
bodies several important im- 
provements... NEW performance 
that sets new standards of control. 


The Re-designed Tycos Pyrometer 
Control is lighter in weight and 
easier to install. Simplicity of de- 
sign and total absence of shock 
or vibration in the working me- 
chanism insure dependability and 
long life. 


Complete information on_ this 
Tycos Pyrometer will be sent on 
request. 


Taylor Instrument Companies 
ROCHESTER, N. Y., U.S. A. 


IN CANADA 


Taylor /nstrument Companies 
“OF CANADA, LTD 
TORONTO 


= em perature: 


EE =[n struments = 


Tlie Gann: CORDING CONTROLLING 
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FOXBORO 


REG 5 PAT OFF 
THE COMPASS OF INDUSTRY 


The New 
Relative Humidity 

















ecorder 





With the new Foxboro Relative Humidity Recorder troublesome 
‘alculations are no longer necessary. You can read the relative 
humidity directly from the chart. 


® This recorder employs a ® It can be installed with any 
specially developed, rugged mem-_ air-conditioning system and may be 
used as a definite check upon con- 


brane and is so calibrated that the ‘ 
troller operation. 


moisture content is recorded in per 

cent of relative humidity. ® It is an extremely simple, 

durable, and practical instrument, 

® It is designed for recording with no lost motion: the motion of 

humidity at temperatures up to the membrane is transmitted direct- 
120° Fahrenheit. ly to the pen arm. 


® It furnishes accurate’ and 


It is absolutely self-contained reliable records which will enable 


has no water-boxes and can you to know, day and night, exactly 
easily be carried from one part of | what the humidity conditions are 
the plant to another. under which your job is being done. 


The managers of textile mills, paper mills, printing and lithograph- 
ing shops, public utilities, buildings, bakeries, tobacco curing plants 
and of any other place where humidity conditions are important 
will find the Foxboro Relative Humidity Recorder a sensitive, ac- 
curate, durable and reliable instrument. 


Write to Dept. A. E. for more detai'ed information 





THE FOXBORO COMPANY - FOXBORO. MASS. 
New York Chicago Boston Philadelphia Detroit Pittsburgh 


Cleveland Rochester, N. Y. Tulsa Atlanta Los Angeles 
Dallas Portland, Ore. San Francisco Salt Lake City 
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